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INTRODUCTION 
The probable spread of nuclear arms capability and the continued 
build-up of nuclear weaponry in the arsenals of several nations are 
extremely critical. The possibility of a nuclear disaster, whether by 
accident, miscalculation, or design, has been greatly increased. Such 
a disaster could result in the annihilation or incapacitation of large 
numbers of the population. This is especially true for those people 
that are unprotected against the several effects -of nuclear weapons. 
During the period following World War II, the United States 
developed its strategic offensive forc�s to a point where they aie 
now equal, if not superior, in quantity and quality, to the offensive 
forces of any other nation. These and other elements of American 
military deterent forces do not preclude the possibility of a nuclear 
attack. Such a threat makes damage-limiting defense measures 
necessary. This responsib.ility falls largely upon the system of 
civil defense now in operation within the United S�ates. 
It is economically unfeasible to provide mass protection against 
the immediate effects of a nuclear det�nation, such as initial 
radiation, thermal radiation, and blast. As harsh as it may seem, 
civil defense cannot provide full protection for the entire population 
of the United States. However, it is feasiple to.provide fallout 
shelters for the protection of millions of Americans who would survive 
a nuclear attack, thus sustaining the existence of the United States. 
When an analyst considers a fallout shelter, he visualizes·a 
structure, room, or space ·designed to.protect its occupants from 
gamma radiation coming from a nuclear explosion (1). In order to 
determine how much protection a certain structure offers to its 
occupants, the.analyst makes calculations based on the geometry and 
barrier effects of the structure. Graphs provided by the Office of 
Civil Defense aid in making these calculations. These graphs do not 
take into account the fact that some buildings have sloping roofs. 
2 
The protection factor expresses the amount of gamma radiation 
which would be received by an unprotected person relative to that 
received by a person within a fallout shelter (2). A policy to 
designate a minimum protection factor of 40 has been established as · 
a national standard for fallout shelters. This factor was based 
upon studies performed for the Office of Civil Defense which showed 
the effect u�on the United States of a.large variety of hypothetical 
nuclear attacks (3). The conclusion was that with this level of 
protection more than 90 per cent of our population, who otherwise 
would not survive the direct effects of a nuclear attack would survive. 
The protection factor is the reciprocal of the reduction factor. 
The reduction factor is a combination of the contribution from gamma 
radiation coming from radioactive particles which may accumulate on 
the roof and the ground. The roof contribution is limited to the 
radiation from fallout particles on the roof of the structure within 
which the fallout .shelter is located. Some of the gamma radiation 
3 
emitted by these particles penetrates the roof mass thickness and 
then strikes the detector located in the shelter. The ground 
contribution refers to the radiation coming from the fallout particles 
on the ground. The ground contribution is further subdivided into 
ground direct, 'wall scatter, and skyshine (4). 
This investigation compares different techniques used for 
analyzing a sloping roof in order to obtain the protection factor. 
Several different methods were used which resulted in several 
normalized reduction factor curves from which coefficients may be 
obtained to convert from one method to another. 
LITERATURE REVIEW 
The critical destructive characteristics of a nuclear explosion 
are radioactive radiation, thermal radiation, and blast. Thermal 
radiation and blast effects are not considered in the analysis and 
design of fallout shelters. The radioactive radiation is subdivided 
into initial and residual radiation. Because the residual radiation 
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has a longer l asting effect, it is the primary concern of the fallout 
shelter analyst and the_ Office of Civil Defense. 
From the radioactive radiation, three different types of 
radiation are emitted, namely, alpha, beta, and gannna. The alpha 
and beta particles are of l ittle concern because they can be stopped 
by a minimum protection such as the clothing worn by individuals. 
However, gamma rays can penetrate several feet of concrete, thus 
creating the greatest radiation hazard to the occupants of a fallout 
shelter. 
The Office of C ivil Defense sought some means· of determining 
the protection afforded by different structures. Many tests were 
carried out at the Nevada Test sites, Baker Test site, and other test 
sites (5). From these tests, certain graphs and equations were 
derived to calculate the protection offered by different types of 
structures. 
Dr. L. V. Spencer derived radiation contribution equations from 
the theoretical aspects of nuclear physics (6) . · These equations com­
par�d favorably with the results obtained _from numerous nuclear tests. 
In September 1961, the Office of Civil Defense initiated a 
nationwide fallout shelter· survey . . Th_is survey was performed in the 
field by hundreds of specially trained professional engineers and 
architects who were under the direction of the Office of Civil 
Defense. They·were assisted by the United States Navy Bureau of 
Yards and Docks and the United States Army .Corps of Engineers. 
Initially, the Engineering Manual method of fallout shelter 
analysis was taught at all indoctrination schools for architects 
and engineers (7). This text was issued in draft form and the final 
edition was completed for printing in 1963. The Engineering Manual 
is based on the works of Dr. L. V. Spencer (6). 
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In May 1964, the Office of Civil Defense published the first of· 
a series of Shelter Design and Analysis manuals. Jhis text combined 
into one volume most of the material covered in the fallout shelter 
analysis courses. It was intended for -the use of professional 
engineers and architects .in private practice. This volume confines 
itself to design and analysis of structures for protection against 
radioactive fallout (8). The manual was revised and published in 
June 1965. In July 1967, a new · manual .(9) was written by Carl H. 
Koontz, and it was distributed to all fallout shelter analysts during 
the latter part of 1967. 
The present edition leaves the method of sloping roof analysis 
to the analyst's discretion. The analyst can use any of several 
different methods that are available. One of these is the step 
method. This idealizes the roof as a series of step increments; The 
slant technique may also be used. This technique uses the "Z". 
distance as the perpendicular distance from the detector to the 
slanted roof. Another method assumes the sloping roof as a flat 
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roof at different heights. The "Z" distance can be taken anywhere 
from the lowest extremity of the roof to the peak. The usual method 
used assumes a flat roof at a height that the analyst feels will give 
the best representation of the actual roof. Any of the foregoing 
methods result in a conservative estimate of the actual roof 
contribution. 
DEFINITION OF TERMS 
In this study, the following terms and symbols will be used. 
Be - A barrier reduction factor which applies to any radiation that 
comes through the exterior walls. The magnitude depends upon 
the wall mass thickness. 
B5 - The barrier reduction factor which depends upon the exterior 
wall mass thickness. It applies to the radiation coming from a 
limited field of contamination. 
C0 - The overhead contribution coming from the roof portion of the 
idealized flat-roofed structure. 
C
0 
(Peak) - The overhead contribution with contaminated plane 
considered to be located at the peak of the sloping roof . 
C0 (Plate) - The overhead contribution found by using a "Z" distance 
equal to plate height . 
C0 (Step) - The roof contribution calculated by assuming step 
increments. This means that the sloping roof is considered as 
a terrace configuration, with the radiation coming from the 
horizontal portion . The radiation received from the vertical 
portion of the step is neglected. 
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e - The eccentricity ratio which is the ratio of the width to the 
length of the building. This is used when finding the solid 
angle fraction. The eccentricity ratio is found from the graphs 
supplied from the Office of Civil Defense. 
E The shape factor which applies to all the scatter fraction · 
8 
radiation . It is found from a graph in terms of the eccentricity 
. ' 
ratio. J 
Ga The directional response for skyshine radiation coming from the 
exterior portion of the structure above the plane of the detector. 
Ga (Diff . )  - The skyshine contribution used in the step, peak, and 
mutual shielding methods for calculating the reduction factor. 
It is found by differencing the skyshine contribution in the 
step technique. 
Gs (Mutual Shielding) - All the scatter radiation coming from the two 
sides of a structure containing the sloping roof segments . 
Gs (Non . )  - The scatter radiation that is not affected by the mutual· 
shielded roof . 
L - The length or longest side of the structure . 
n - The normality ratio which is found by dividing twice the height 
of the contributing_plane by the length of the building. The 
normality ratio is used for finding the solid angle fraction 
from the graphs provided by the Office of Civil Defense . 
(�), (�), {N-1) ' - Symbols used for dffferentiating the various 
radiation contributions . 
Peak - The highest extremity of the sloping roof . 
PF The protection factor which is a term used for describing the 
level of protection offered by a building against nuclear fallout. 
A protection £actor of 40 is set as the minimum value of 
protection which a structure should have in order to _qualify as 
a Civil Defense Shelter . 
Plate - The lowest extremity of the sloping roof or the top of the 
wall. 
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Pr - The perimeter ratio which is the ratio of the length of any wall 
segment to the total perimeter of the structure. 
RF - The reduction factor which is the sum of all of the radiation 
contributions. 
RF (Flat) - The total contribution coming from the sloping roof by 
considering it as a flat roof at the plate height of the 
structure. 
RF (Mutual Shielding) - The mutual shielding reduction factor. This 
is calculated by using the step method along with consideration 
for the limited contributing field of radiation. 
RF (Peak) - The peak reduction factor calculated as if the plane of 
contamination was at the peak height of the roof. _ The peak 
reduction factor results from the radiation coming from above 
the plate of the original roof. 
RF (Slant) - The slant reduction factor found by considering a slant 
roof with the "Z" distance as the perpendicular distance from · 
the detector to the roof. 
RF (Step) - The reduction factor found by simulating the roof as a 
series of steps. A differencing method is used to obtain the 
contribution for each step. 
RF -(Top) - The roof contribution assuming the ga�a rays as coming 
from a flat roof 2t peak height. 
. , 
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Sw - The scatter fraction which is that portion of the wall scatter 
that is scattered toward the detector upon passing through a 
barrier. It is applied only to the scatter radiation. 
(1-Sw) - The non-scattered portion of the radiation striking the 
exterior wall. 
W - The width of the rectangular structure. 
Xe - The exterior wall mass thickness of the vertical projection of 
the sloping roof mass. This is calculated by multiplying the 
sine of the sloping.roof angle by its mass thickness. The 
vertical mass thickness is expressed as pounds per square foot 
of vertical projection. 
X0 _ The mass thickness of the roof referred to the horizontal plane. 
The horizontal mass thickness is given in pounds per square 
foot of hori�ontal projection. 
X0 (Slope) - The mass thickness of the roof referred to the perpendicular 
to the slope. It is· used in the slope technique and is computated 
by X0 cosine 0. 
Z - The distance from the detector to the contaminated plane. This 
is used in calculating the solid angle fraction from curves 
provided by the Office of Civil Defense. 
0 - The slope of the roof in degrees. 
l.Ju - The numerical value of the solid angle fraction obtained from 
the curves. 
Wu ' - The tenn used to designate different upper solid angle fractions. 
-
OFFICE OF CIVIL DEFENSE TERMS NECESSARY FOR THE 
CALCULATION OF FALLOUT CONTRIBUTIONS 
Solid Angle Fraction 
11 
An easy way to visualize the solid angle fraction is to consider 
the eye as the detector and.the contaminated plane as a window. By 
moving closer to the window, the light intensity increases. Also, 
the size of the window would have an effect on the amount of light 
received by the eye. 
L----»>I 
Figure 1. Solid Angle Fraction 
Figure l·shows that an increase or decrease in the area in 
question would bring about an increase or decrease, respectively, 
in the solid angle fraction. An increase in the ·"z" distance would 
result in a decrease in the solid•angle fraction. Also, if the 
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detector was moved closer to the source of radiation, the solid angle 
fraction would be increased. 
The solid angle fraction can be calculated from an equation 
given in Shelter Design and Analysis (10). To aid in these 
calculations, graphs were published by the Office of Civil Defense 
which were based upon the eccentricity ratio and the normality ratio. 
With these two ratios, the solid angle fraction can be read directly 
from the graph in Figure 7, Appendix I . 
. Wall Scatter of Radiation 
By using the solid angle fraction, the wall scattered contribution 
can be found. The wall scatter is that portion of the ground direct 
radiation that strikes the wall after which the path of the radiation 
is changed to a line that will intercept the detector. 
Figure 2. Wall-Scattered Radiation 
The wall scatter also depends upon the mass thickness of the 
walls. Figure 8, Appendix I, is used.to determine the scatter. 
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If there is no mass thickness for the walls, there will be no 
scattering. The other extreme occurs when the wall mass approaches 
an infinite ma·ss thickness. The detector is assumed to be placed in 
a shelter having walls and a roof of very high mass thickness (11) . 
The geometric shape factor for scatter radiation is thereby normalized. 
Figure 9, Appendix I, was used to find the shape factors based only 
upon the eccentricity ratio, since the effect of the normality ratio 
is negligible. 
Barrier.Reduction Factor 
The barrier reduction factor must be.applied to both the wall-
., 
scattered radiation and skyshihe. This factor takes into account the 
mass
1
thickness of the exterior wall and the height of the detector. 
By using Figure 10 in Appendix I, the barrier reduction factor can 
be found. 
Fraction Scattered 
The wall-scattered radiation contribution must be multiplied by 
a factor known as the scatter reduction factor. In most structures 
the mass thickness of the walls is somewhere between zero and infinity. 
The scatter reduction factor is needed to adjust the scatter according 
to the wall mass thickness. Figure 11 in Appendix I gives the scatter 
fraction in terms of the mass thickness of the exterior wall. 
21616 7 iouTH DAKOTA STATE UNIVERSITY. LIBRA�Y. 
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The skyshine and ground direct contribution are multiplied by 
one minus the scatter fraction. However, because this investigation 
is concerned only with the roof and its projection, only the skyshine 
is reduced by (1- Sw)-
Skyshine Contribution 
The skyshine is that portion of the radiation coming from the 
ground that is reflected from particles· in the air through the wall 
to the detector. 
Figure 3. S�yshine Contribution 
Skyshine is considered as coming through the wall above the plane 
of the detector . This means that such radiation penetrating the wall 
represents one minus the upper solid angle fraction. Figure 8 in 
Appendix I shows the skyshine plotted against th� solid angle fraction. 
The skyshine is not scattered; th:refore, it is multiplied by one 
minus the scatter fraction. 
Overhead Contribution 
The overhead contribution is the radiation received from the 
fallout which accumulates on the roof plus any skyshine transmitted 
through the roof. 
Figure 4 .  Overhead Contribution 
The radiation coming from the roof is affected by Z, x
0
,· and 
the area . Any change in the dimensions of the roo£ or its height 
will cause a change in the solid angle fraction. If Z is increased 
or decreased, the solid angle fraction wil l decrease or increase, 
respectively. Keeping Z constant, it can be seen that a decrease 
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in area would decrease the solid angle fraction. Likewise, an 
increase in area would cause an increase in the solid angle fraction. 
An increase in the solid angle fraction would cause an increase in the 
overhead contribution, and vice versa. Figure 1 2, Appendix I, gives 
the _overhead contribution in terms of the roof mass thickness and 
the solid angle fraction. 
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The effect on the contribution brought about by changing the 
mass thickness of the roof can be obs�rved by considering the extreme 
values of the mass thickness. If the mass thickness is taken as 
infinity, or for practical purposes as over 350 pounds per square 
foot, the radiation received from the fallout particles on the roof 
will be negligible. On the other hand, if th�re is no mass, as is 
the case of glass, the radiation received will be maximum. This 
assumes that the contributing area and the "Z" distance remain constant. · 
t. 
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SLOPING ROOF METHODS 
Introduction 
The reconnnended method of idealizing a sloping roof is to 
consider it as. a simple flat roof with the contaminated area considered 
as the horizontal projection of_ the actual roof. The height of the 
roof may be designated at any particular height from the plate height 
to the peak elevation. 
Since little information is known about the retentive character-
istics of the roofing material, it is recommended that all roofs be 
assumed as fully  contaminated regardless of their smoothness and 
pitch. The analyst should use his own judgment in making the proper 
assumptions; he is also cautioned to use the most conservative method 
(9-V-19). 
This study makes a comparison of the different methods for a 
sloping roof analysis. The specific method to be used is left to 
the individual analyst. Because many of these methods are very time 
consuming, a more efficient means of comparison is desirable. Results 
of this thesis makes it possible for an analyst to use any of the 
several methods by merely selecting a multiplying factor from a graph 
and applying it to the overhead contribution obtained for the roof 
assumed at pl�te height. 
Graphs were developed for each of the different methods for slope· 
angles of 10, 20, 30 and 40 degrees as well as for mass thickness of 
0, 25 and in increments of 10 pounds per square foot from 50 to 150 
pounds per square foot. The mass thickness of the roof for other 
than horizontal was converted by usin� the cosine function of the 
roof slope. 
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A structure measuring 13 feet from the floor to the plate height 
was assumed (1). The 13 feet is made up of three feet from the ground 
source plane to the detector height plus 10 feet above the detector. 
A building of medium size, 100 feet by 100 feet, was also assumed. 
Accordingly, this structure of constant dimensions provide a means 
for obtaining differences from the graphs supplied by the Office of 
Civil Defense. This particular building was assumed for each of the 
methods described below. 
Reduction Factor Assuming a Flat Roof at Plate Height 
� 
Since an inclined roof can be assumed at any height, the plate 
height was used first (5-VI-19). The reduction factor for this 
method is equal to the roof contribution from a horizontal plane 
assumed to be at plate height. In equation form: 
RF (Flat)= C0 (Plate) > 
C
0 (Plate) is found by using the solid angle fraction for the 
plate height and the.mass thickness of the sloping roof projected upon 
the horizontal plane. By using Figure 12 in Appendix I, this reduction 
factor can be read directly from the graph. Tables V to VIII give the 
values derived from these curves for the different slope angles. 
Reduction Factor Assuming a Flat Roof at Peak Height 
The roof contribution was calculated for a sloping roof by 
assuming the roof to be a horizontal plane at the peak. By putting 
this into equation form: 
RF (Top)= C0 (Peak) 
Similar to the previously described method, the overhead 
� contribution can be found from Figure 12 of Appendix I. The only 
difference is th�t the solid angle fraction will be smaller due to 
the change in "Z". These values are listed in Tables V to VIII for 
each different slope angle. 
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Reduction Factor for the Overhead Plus Ground Contribution Assuming a 
Flat Roof at Peak Height 
For this method the skyshine and scatter fraction from the 
vertical projection were added to the overhead contribution. A 
differencing technique was used by utilizing the two upper solid angle 
fractions (Figure 5). 
Figure 5. Geometry used for Overhead Plus Ground Contribution 
Assuming a Flat Roof at-Peak Height 
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The skyshine and scatter fraction are found in Figure 8, Appendix 
I, in terms of the solid angle fraction and the mass thickness of the 
projected vertical wall. The values for skyshine and scatter are 
listed in Tables I to IV for each slope angle. The difference 
between the two individual scatter contributions was multiplied by 
the shape factor, the barrier reduction factor, and the scatter 
fraction. Also, the difference between the two skyshine contributions 
was multiplied by the barrier reduction factor and (1-Sw)· The entire 
equation in symbol form is expressed as follows: 
RF (Peak) � [�Gs (N) -Gs (N-l)) (E
) (Sw� + IEGa (N)-Ga (N-l) ) (1-Sw
� Be 
+ C0 (Peak) 
Reduction Factor for the Overhead Contribution Assuming a Sloping Roof 
as a Series of Steps 
This method idealizes a sloping roof in step increments as shown in 
Figure 6. 
Figure 6. Geometry used for the Overhead Contribuiion 
Assuming a Roof as� Series of Steps 
21 
For each step increment the width of the structure was decreased 
by five feet, with the ·lower step being taken as one-half the increase 
of the "Z" distance. Accordingly, this provided a total of twenty 
individual step increments. It was necessary to use step increments 
of at least this dimension for the size building considered in order 
that the different values could be interpolated from the graphs 
provided by the Office of Civil Defense. As stated for the other 
technique7, C0 c�n be interpreted from graphs in terms of the mass 
thickness of the horizontally projected roof and the solid angle 
fraction. The reduction factor would then be equal to the summation 
of the overhead contribution from each of the different steps. 
Tables V to VIII show the values obtained for this method . Therefore: 
Reduction Factor for the Overhead Plus Ground Contribution Assuming 
a Sloping Roof as a Series of Steps 
This method combines the overhead contribution from the step 
method with the wall scatter and skyshine contributed from the vertical 
p�ojection of the individual steps. The skyshine and scatter fraction 
obtained by differencing was also used. See (Figure 6) . The three 
contributions were then added together to obtain the equation: 
RF (Step) � [!Gcs (N) - G8 (N-l),
) (E) (swB +2}Ga (N) - Ga(N-l),
) (1-S ,ill Be 
. ,+ I C
0 
(Step) 
Tables I to IV and Tables V to VIII show the values that were 
used in order to obtain the final reduction factor. 
Reduction Factor Assuming Mutual Shielding 
·22 
This method is very similar to the step method except that it 
includes a limited field of contamination. The limited field results 
from the fact that radiation travels in a straight line. The scatter 
radiation, reaching the sloping roof from the area bounded by the 
interception of the roof plane with the ground and the side of the 
building, is omitted (Figure 7). 
Figure 7. Geometry Used for Mutual Shielding Method 
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Following a method used in Shelter Design and Analysis (9-VI-84), 
the limited-field reduction factors were obtained from Figure 13 in 
Appendix I .  The factor required for this method limits the plane of 
contamination to the scatter radiation received from a distance greater 
than the interception of the roof plane with the ground. Therefore, 
the difference of the two reduction factors was used, (Be-Bs), 
There is some dispute concerning the "Z" distance to be used 
and the length o� the field of contamination. Shelter Design and 
·Analysis (9-V-116) recommends that three feet be used for the 1 12 11 
distance. It also recommends that the length of the structure be 
used for the length of the contaminated plane and that the width of 
the contaminated plane be assumed as twice the width of the limited 
field. Reference (9-V-116) indicates that this results in a conserv­
ative value. After the solid angle fraction has been found, it must 
be divided by two in order to be correct for the symmetry conditions 
assumed. 
Since only a portion of the total scatter radiation is limited, 
a percentage factor is used. This factor, the perimeter ratio, is 
used to differentiate the two scatter radiations. The mutually shielded 
scatter radiation must then be multiplied by the reduced barrier 
reduction factor, (Be -B 8). The normal scatter fraction is then 
multiplied by the barrier reduction factor, Be, Tables XVII to XX 
gives the values for obtaining the reduction fact.or by the mutual 
shielding method. 
This results in the following equation: 
RF (Mutual Shielding) = JGs (N)-Gs (N -l) ) (E) (Sw) (Pr) (Be-Bs] 
+ IKGs (N)-Gs (N-1)) (E) (Sw) (1-Pr) (Be� 
+ .2.�Ga (N)-Ga (N-1) ' ) (1- Sw ) (B� 
+ LG.o (Step) 
Reduction Factor Using the Slant Technique 
This method (9-VI-23) was considered to be the most nearly 
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correct method for calculating overhead contribution and is similar 
to the overhead contribution method. The difference is that the "Z" 
distance is the perpendicular distance from the roof to the detector 
(Figure 8) . 
It is necessary to difference the two overhead contributions in 
order that the correct area of contribution is considered. Because 
the width and length are sloping distances, the uniformly contaminated 
plane has to be reduced. · The same amount of fallout particles fall 
on the sloping roof as on the horizontal projected area. Therefore, 
the overhead contributions are multiplied by the cosine of the slope 
angle (9 -VI-22). Also, the hori�ontal mass thickness of the roof 
is reduced by the cosine of the roof's slope. See Tables IX to XVI 
for required values. Since only half of the roof is under analysis, 
the resulting overhead contribution must be multiplied by two. In 
equation form: 
RF (Slant) 
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�· 
Figure 8. Geometry Used for Slant Technique 
Sample Calculations 
Sample calculations for converting from one technique to another 
may be found in Appendix III. 
2 6  
SUMMARY OF RESULTS 
Reduction factors for each of the methods considered are 
included in Tables XXI to XXIV. The values shown in Tables XXV to 
XXVIII were ob_tained by normalizing each method to that of the flat 
roof reduction factor method. from this information, curves were 
plotted for the various methods of analysis � The least square method 
was used in determining the curve positioning shown in Figures 1 to 
6, Appendix I. The graphs provided by the Office of Civil Defense 
were difficult to interpolate in the region of zero mass thickness ; 
therefore, the reduction factors for this mass thickness were 
neglected. These graphs provide the following pertinent information. 
The normalized RF (Top) values decrease as the angle of the roof 
increases because the "Z" disfance becomes greater ·, thus making the 
sol id angle fraction smaller. With the smaller solid angle factions 
the overhead contribution . is less . The normaliz�d reduction · factor 
remairis reasonably constant as the horizontal mas� thickness increases . 
For the 20  degree slope, the normalized values for the peak 
reduction . factor method were smaller than those for the 10 degree 
slope. It is also not�d that there is very little variation in the 
normalized reduction factors between 10 and 30 degrees. However, for 
the 40 degree· slope, the variation increases. This is probably due 
to an increase in the mass thickness, thus increasing the contribution 
from the skyshine and scatter radiation. In addition, there is a 
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tendency for the normal ized values to increase as the mass thickness 
increases. This increase could be du� to more scatter radiation from 
the larger mass thicknesses than from l ighter mass thicknesses . 
.. 
The normal ized  reduction factor for C0 (Step) decreases as the 
slope angl e increases. The values remain fairly constant as the mass 
thickness increases . The reduction factor for C0 (Step) may be 
expected to decrease because of the increased "Z" distance .  This 
reduces the sol id angl e fraction, thereby reducing the overhead 
contribution. 
By using the step reduction factor method, RF (Step) , the values 
for the normal ized reduction factors tend to increase as the roof slope 
angle increases. The 20 degree sloped roof has lower values for the 
reduction factor than does the 10 or 30 degree sl�pe . There is very 
l ittle change in the normalized values for the smal ler angles. For 
the 40 degre� sloped roof , the normal ized reduction factors tend to 
increase as the mass thickness increases. This coul d be caused by 
an increase in the scattered radiation received from the vertical 
projections of the individual steps. 
The same phenomenon is observed for the mutual shielding method 
as for the step reduction factor method. The normal ized reduction 
factors for the 20 degree slope are smaller than for either the 10 or 
the 30 degree slopes. This could be caused by an interaction of the 
limited fie ld of contamination with the scatter faction. Little change 
is not ed in the values as the horizontal mass thickness increases. 
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For the slant technique, the normalized values tend to increase 
as the angle of the roof increases. Xhis could be due to the mass 
thickness of the roof decreasing as the slope of the roof increases . 
Accordingly, the overhead contribution would increase. Also , there 
is an increase in the normalized values as the horizontal mass thick­
ness increases. This increase is more noticeable in the larger angles 
than it is in the smaller angles. As stated before, the mass thickness 
is reduced with an increase in the slope angles . It is observed that 
the overhead contribution tends to approach a constant value as the 
mass thickness increases .  See Tables XXI to XXIV . 
The overhead contribution determined by the step method results 
in the smallest normalized reduction factors. These were very close 
to the reduction factors obtained by assuming a fiat roof at peak 
elevation. This similarity is probably due to neglecting the skyshine ­
and scatter contributions. 
The mutual shielding, peak reduction factor, and step reduction 
factor methods produce comparable normalized reduction factors. 
However, these methods are all larger than the overhead contribution 
calculated by either the step me thod or by assuming a flat roof a t  
peak elevation . The reduction factor by the mutual shielding method 
results in slightly larger values than the step reduction factor 
me thod . These methods would have similar values because they include 
the overhead contribu tion , scat ter , and skyshine ._ The mutual shielding 
reduction factor is smaller because the barrier reduction factor is 
reduced. 
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The slant method results in larger normalized reduction factors 
than any of the other methods. The ·r�duction factor is increased due 
to the decrease in mass iliickness. Also, the solid angle fraction is 
larger when compared with other methods thus increasing the overhead 
contribution. 
Each meth9d of analysis can be converted to any other method by 
using values obtained from Figures 1 to 6 in Appendix I. For example, 
the analyst may feel that the reduction factor calculated by the mutual 
shielding method would best represent the sloping roof on the structure 
being analyzed. If the analyst has a 20 degree sloping roof with a 
mass thickness of 100 pounds per square roof of horizontal area , he 
could obtain the proper coefficient from Figure 5 in Appendix I .  This 
coefficient multiplied by the �verhead contributio� obtained from a 
flat ,roof at plate height results in the desired roof contribution. 
Further, if the analyst desires to compare. this value with other 
methods, he may do so by applying the proper nonnalized coefficient 
obtained from Figures 1 to 6, Appendix I. 
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CONCLUSIONS 
The following conclusions were obtained from this investigation: 
1. The method producing the lowest normalized reduction factors 
. should be used to analyze sloping roofs. 
2. Of the seven different methods investigated, the reduction factor 
calculated by the C0 (Step) method is the most nearly correct 
since it produces the lowest normalized reduct ion factor. 
3. The slop ing roof technique is ultra-conservative. This appears 
to be in contradiction to the information in Shelter Design and 
Analysis (9-VJ - 2 3). 
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RECOMMENDAT IONS FOR FUTURE STUDY 
The following studies are reconunended : 
1. Experimental research on the amount of fallout particles retained 
on roofs of dif ferent slopes should be investigated. 
2. Experimental research on the characteristics of different roofing 
materials in retaining fallout particles is recommended. 
3. Experimental research on the effects of wind direction and 
velocity on fallout particles deposited upon sloped roofs needs 
further consideration. 
4.· A similar study should be made to determine the effect of the size 
of the building on the normalized reduction factor . 
1 .  
2 .  
3 . . 
4. 
. 5. 
6. 
7 .  
8 .  
. 9 .  
10 . 
11 .  
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APPENDIX II. Contribution Analysis Tables. 
✓ 
TABLE I .  
SKYSHINE AND SCATTER FOR 10°. SLOPE 
Ga Gs (E )  Pr Gs Gs 
� ' w z e n tclu Ga Gs E Diff . Diff. .  _Shie lding Mutual Non . 
Shielding 
O '  100 10 . 00 1 . 00 . 200 . 83 . 0500 . 1900 1 . 414 . 0000 . 0000 50 . 0  . 0000 . 0000 
1 100 10 . 22 1 . 00 . 2 04 . 8 3 . 0500 . 1900 1 . 410 
1 '  95 10 . 2 2  . 95 . 2 04 . 82 . 0520 . 1950 1 . 410 . 0000 . 0000 5 1 .  3 . 0000 . 0000 
2 9 5  10 . 6 6 . 9 5 . 2 13 . 82 . 0520 . . 1950 1 . 410 
2 '  90 10 . 66 . 90 . 2 13 . 8 1  . 0530 . 2 050 1 . 410 . 0020 . 0141 52 . 7  . 0074 . 00 6 7  
3 90 11 . 10 .90 . 2 2.Z . 80 . 0550 . 2 150 1 . L}10 
3 '  .. 85 11 . 10 . 85 . 222  . 7 9 . 0580 . 2250 1 . 405 . 0020 . 0141 54 . 0  . 00 7 6  · . 00 65 
lj. 85 11 . SL} . 85 . 2 31  . 78 .0600 . 2 350 1 . 405 
4 ' 80 11.54 . 80 . 2 31  . 7 7 . 0610 . 24-50 1 . 400 . 0010 . 00 70  55 . 5  . 0039  . 0031  
5 80 11 . 98 . 80 • 2L�0 . 7 6 . 0 62-0 . 2500 1 . 400 
5 '  75 11 . 98  . 7 5 . 240 . 75 . 0640 . 2550 1 .  396  . 0000 . 0000 5 7 . 2  . 0000 . 0000 
) 
6 7 5  12 . 42 . 75 . 248 ' . 75 . 0 640 . 2550 'i . 396  
6 '  70 12 . 42 . 7 0 . 2L}8 . 7l� . 0 660 . 2 650 1 . 390  . 0010 . 00 70  58 . 9  . 0041 . 002 9 
7 70  12 . 8 (:> . 7 0 .257 . 7 3 . 0 670 : 2 7 00 1 . 390 
. . 7 I i 65 12 . 8 6 . 65 . 2 57  • 72  . 0 680 . 2 810 1 . 380 . 0020 . 0083  60 . 7  . 0050  . 00 3 3  
8 65 13 . 30 . 65 . 2 66  • 7 1  . 0 700 . 2 870  1 . 380 
8 '  60 13 . 30 . 60 . 2 66 . 70 . 0700 . 2 900 1 .  3 70  . 0020 . 0069  62 . 4  . 0043 . 002 6 
TABLE I . 
(Continued) 
w ,  
Ga G8 (E) pr Gs Gs 
u w z e n Wu Ga Gs E Diff . Diff . Shielding Mutual Non . 
Shie lding 
9 60 13 . 74 .60 . 2 7 5  . 69 . 07 2 0  . 29 50 1 .  3 70  
9 ' 55 1 3 .  74  . 55 . 2 7 5  . 68 . 0 7 20  . 3000 1 . 355 . 00 30 . 02 71 64 . 5  . 01 75 . 0096 
10 55 14.18 . 55 . 2 82 . 65 . 07 50 . 3200 1 .  356 
1 0 ' 50 14 . 1 8  . 50 . 282 . 63 . 0 7 70  . 32 50 1 . 340 . 0010 . 0067 66 . 7  . 0045 . 0022 
1 1  50 1 4 . 62 . 50 . 29 2  . 62 . 0780  . 3300 1 . 340 
1 1 ' 45 14 . 62 . 45 . 2 92  . 60 . 07 90  . 3400 1 .  320  . 0010 . 0000 68 . 9  . 0000 . 0000 
12 .. 45 1 5 . 06 . 45 . 301 . 59 . 0800 . 3400 1 . 32 0  
1 2 ' 40 15.06 . 40 . 301 . 5 5 . 0820  . 3500 1 . 29 5  . 0000 . 01 30 7 1 . 4  . 009 3 . Q0 37 
1 3  40 1 5 . 50 . 40 . 318  . 54 . 0820 . 3600 1 . 2 9 5  
1 3  I 35 15 . 50 . 35 . 31 8  . 52 . 0840 . 3700 1 . 2 70  . 0010 . 01 2 7  74 . 0  . 0094 . 00 3 3  
14  35  15 . 94 . 35 . 319 . 49 . 0850 . 3800 1 . 2 70  
. 1 L� ' 30 1 5 . 94 . 30 . 31 9  • L�5 . 08 60 . 3900 1 . 240 . 0010 . 00 62 7 6 . 9 . 0048 . 0014 . -.  
15  30 1 6 . 38 . 30 . 328 . 44 . 08 70  . 39 50 1 . 240 
15 ' 2 5  16 . 38 . 2 5 . 32 8  . 40 . 0890  . 4100 1 . 2 05 . 0010  . 0000 80 . 0  . 0000 . 0000 
· 1 6  ( 2 5  16 . 82 . . 2 5 . 337 . 39 . 0900 . 41 00 1 . 2 05 
1 6 '  20  16.82 . 20 . 337 . 32 . 0910 . 4300 1 . 170 . 0010 . 0058 8 3 . 3  . 0048 . 0010 
1 7  20  1 7 . 2 6 . 20 . 345 . 31 . 0920  . 4350 1 . 1 70 
17 1 15 17 . 2 6 . 15 . 345 . . 2 5  . 0940 . 4450 1 . 1 30 . 0000 . 0056  8 7 . 8  . . 0049 . 0007  
\.0 
TABLE I. 
(Continued) 
LJ. I w · z  e n (.Ju 
1 8  1 5  1 7.70 . 1 5 .354 .24 
1 8 ' 1 0  1 7.70 .10 .354 .1 7 
1 9  1 0  1 8 . 14 .10 .363  . 1 6  
1 9 ' 5 1 8.14 . 05 .363 .08 
20 5 1 8.58 . 05 . 372  . 08 
20 ' 0 1 8.58 .00 . 372 .00 
Peak 100 1 8 . 68 1.00 . 364 .70  
Plate 100 1 0.00 1.00 . 2 00 .83  
Ga Gs E 
.0940 .4500 1.1 30 
.09 60 .4650 1.090 
.09 60 .47 00 1.090 
. 0980 • L�850 1.045 
.0980 .4850 1.045 
. 1000 .5000 'l.000 
.0700 .2900 1.414 
. 0500 . 1 900 1 . 41 4  
· '  
Ga Gs (E) 
Diff. Diff. 
.0000 .0050 
.0000 .0000 
.0000 .0000 
.0200 .1630 
Pr Gs 
Shielding Mutual 
ShieldinSi 
90.9  . 0049 
9 5.5 .0000 
1 00.0 .0000 
Gs 
Non. 
. 0000 
.0000 
.0000 
V1 
0 
-1 
TABLE II . 
SKYSHINE AND SCATTER FOR 20° SLOPE 
Ga G8 (E) Pr Gs Gs 
W., I u w z e n tc/u Ga Gs E Diff . Diff . Shie lding Mutual Non . 
Shielding 
O '  100 10 . 00 1 . 00 . 200 . 8 3 . 0500 . 1 900 1 . 414  . 0080 . 007 7 . 50 . 0  . 0036  . 00 3 6  
1 100 10 . l�5 1 . 00 . 209 . 82 . 0 520 . 19 50 1 . 414 
l ' 9 5  10.45 . 9 5 . 209 . 81 . 0530 . 2050 1 .  l�l 0  . 0020 . 0141 51 . 3 . 0071  . 00 70  
2 9 5  11 . 3 6  . 9 5 . 227 . 80 . 0550 . 2150 1 . 410 
2 '  90  11 . 36  .90  . 227 . 7 8 . 0600 . 2350 1 . 410  . 0000 . 0000 52 . 7  . 0000 . . 0000 
3 90  12 . 27 . 90 . 245 . 78 . 0 600 . 2350 1 . 410  
3 '  .. 8 5  1 2 . 27 . 85 . 245 . 7.8 . 0600 . 2350 1 . 405 . 0000 . 0000 54 . 0  . 0000 . 0000 
4 85 1 3 . 1 8 . 85 . 263 . 78 . 0 600 · . 2350 1 . 405  
4 ' 80 1 3 . 18 . 80 . 263 . 78 . 0600 . 2350 1 . 400 . 0020 . 0250 5 5 . 5  . 01 39 . 01 1 1  
5 80 14 . 09 . 80 . 287  . 7 6 . 0620 . 2500 1 . 400 
5 ' 7 5  14 . 09 . 7 5 . 287  . 7 5 . 0640 . 2550 1 . 39 6  . 0060 . 0488 5 7 . 2  . 0280 . 0208 
6 7 5  1 5 . 00 . 7 5 . 300 . 7 0 . 0700 . 2900 ·L 39 6 
6 ' 70  15 . 00 . 70 . 300 . 69 . 07 20 . 29 50 1 . 390  . 0000 . 0069 58 . 9  . 0041 . 0028 
7 70 1 5 . 91 . 7 0 . 318 . 68 . 0 72  . 3000 1 . 390 
. ] I 65 15 . 91 . 65 . 318 , 66 . 0740 . 3100 1 . 380 . 0010 . 01 38 60 . 7  . 0083  . 0055  
8 65 16 . 82 . 65 . 336  . 65 . 0 7 50 . 3200 1 . 380 
8 ' 60 1 6 . 82 . 60 . 3 36  . 62 . 0780 . 3300 1 .  3 70  . 0000 . 0068  62 . 4  . 0041 . 0027 
)..., 
� 
TABLE II. 
(Cont inued) 
Ga Gs (E) Pr Gs Gs 
(J, ' w z e n Wu Ga Gs E Diff. Diff. Shielding Mutual Non . u 
Shie lding 
9 60 1 7 . 7 3 . 60 . 355  . 61 . 07 80 . 3350 1 .  3 70  
9 ' 55 1 7 . 7 3  . 55 .355 . 59 . 0800 . 3400 1 . 355  . 0000 . 01 36 64 . 5  . 0088 . 0048 
1 0  5 5  1 8 . 64 .55  .37 3 . 58 .0800 .3500 1. 355  
1 0 ' 50 .18 . 64 . so . 3 7 3  . 54 . 0840 . 3600 1 . 340 . 001 5 .01 34 6 6.7  . 0089 .0045 
1 1  50 1 9.55  . 50 . 391 . 5 3 . 0835  . 3700 1 . 340 
1 1 ' 45 19.55  . 45 . 391  .51 . 0840 .3700 1. 320 . 0010 . 01 32 68.9 .0091 . 0041 
1 2  .. 45 20 . 4 6 . 45 . 409 . 49 . 08 50 . 3800 1 .  320 
1 2 ' 40 20 . 46 . 40 . 409 . 46 . 0860 .3900 1.29 5  . 0010  . 0065 7 1.4 . 0046 .OD19 
1 3  40 2 1 . 37  . 40 .42 7 .44 .0870  .3950 1 . 2 92  
1 3 ' 35 2 1 . 37 .35 . 42 7  .41 . 0880 . 4000 1 . 2 70  .0010  .01 2 7 74 . 0  . 0094 . 00 7 3  
1 4  35 2 2.28 . 35 . 445 . 40 . 0890 . 4100 1 . 2 70  
l l\ I 30 22 . 28 . 30 . 445 . 3 6 . 0900 . 4200 1 . 240 .0010 .0062 7 6 . 9 .0048 .0014 . ·• 
1 5  30 2 3 . 1 9 . 30 . 463  . 33 . 0910  .4350 1.240 
15 ' 2 5  2 3.19 . 2 5 . 463 .29 .0920  .4400 1 . 205  . 0010  . 0000 80 . 0  . 0000 .0000 
1 6  2 5  24 . 10  . 2 5 . 482 . 2 8 .09 30 . 4400 1 . 2 05 
1 6 ' 20  24 . 1 0 . 2 0 . 482 . 2 3 . 0940 . 4500 1.1 70 . ·0010 . 01 1 7  8 3 . 3  .009 7 . 002 7 
· 1 7  2 0  2 5 . 01 . 20 . 500 .21 .0950 .4600 1.1 70 
1 7 ' 1 5  2 5 . 01 . 1 5 . 500 . 1 8 . 09 60 . 4600 1 . 1 30 .0000 . 0056 8 7.8 . 0049 .0007 
. N 
,-. 
TABLE II. 
(Continued) 
tJ. I 
u w z e n <du 
1 8  1 5  2 5 . 92 . 1 5 . 51 8  . 1 7  
1 8 ' 1 0  2 5.92 .10 . 51 8  . 1 2  
1 9  10 2 6.8 3 .10 . 5 37 . 1 1 
1 9 ' 5 . 2 6 . 8 3  . 05 . 5 37 .06 
20 5 2 7 . 74 . 05 . 555  .05 
20 ' 0 2 7 . 74 . 00 .555 .00 
Peak 100 28 . 20 1.00 .564 .56  
Plate 100 1 0 . 00 1 . 00 . 200 . 8 3 
Ga 
Ga Gs E Diff. 
.09 60 .4650 1.130 
.0980 .4800 .1.090 .0020 
. 0980 .4800 1.090 
. 09�0 .4900 1.045 .0000 
.0990 .4900 1.045 
.1000 .5000 1.000 .0000 
.0820 .3550 1.414 .0320 
. 0500 .1 900 1.414 
· "' 
G8 (E) Pr 
Diff. Shielding 
.01 64 90.9 
.0000 9 5.5  
.0000 100.0 
.2480 
Gs 
Mutual 
Shielding 
.01 49 
.0000 
.0000 
Gs 
Non. 
.001 5 
.0000 
.0000 
\J1 
w 
-:_, 
TABLE III . 
SKYSHINE AND SCATTER FOR 30° SLOPE 
Ga Gs (E) Pr Gs Gs 
� ' w z e n � Ga Gs E Diff . Diff . Shielding Mutual Non . 
Shielding 
O '  1 00 1 0 . 00 1 . 00 . 200 . 8 3 . 0500 . 1900  1 . 414  . 0020 . 00 7 1  50 . 0  . 0035  . 00 3 6  
l 1 00 1 0 . 72 1 . 00 . 2 14  . 82 . 0520 . 1950  1 . 414  
l '  9 5  1 0 . 7 2  . 9 5 . 2 14  . 81 . 0530 . 2050 1 . 410  . 0070  . 042 3 5 1 . 3 . 02 1 6  . 0207  
2 9 5  1 2 . 1 6 . 9 5 . 243  . 7 8 . 0 600 . 2 350 1 . 41 0  
2 ' 90 12 . 1 6 . 90 . 243  . 78 . 0600 . 2 350 1 . 41 0  . 0040 . 0282  52 . 7  . 0148 . 01 34 
3 90  1 3 .  60 . 90 . 2 7 2  . 7 5 . 0640 . 2 550 1 . 41 0  
3 ' .. 85 1 3 . 60 . 85 . 2 72  . 74 . 06 60 . 2 650 1 . 405  . 0020 . 02 2 5  54 . 0  . 01 2 2  . 01 0 3  
4 85  1 5 . 04 . 85 . 301  • 7 2  . 0 680 . 2 810  1 . 405  
4 ' 80 1 5 . 04 . 80 · . 301 . 7 1  . 0700  . 2 8 70  1 . 400 . 0020 . 0182  5 5 . 5  . 0100  . 0082 
5 80 1 6 . 48 . 80 . 330 . 68 . 0720  . 3000 1 . 400 
5 '  7 5  1 6 . 48 . 7 5 . 330 . 6 7 . 0740 . 3050 1 . 39 6  . 0010  . 02 09 5 7 . 2  . 01 1 9  . 0090  
6 7 5  1 7 . 92 . 7 5 . 358  , 65 . 0750  . 3200  ·L 39 6 
6 '  70 1 7 . 92 . 70 . 358 . 6 3 . 0 7 70 . 3250 1 . 390 . 0010  . 01 39 58 . 9  . 0082 . 00 5 7  
7 70 1 9 . 36 . 7 0 . 387  . 61  . 0780 . 3350 1 . 390  
. 7 '  65 1 9 . 36 . 65 . 38 7  . 60 . 0790  . 340� 1 . 380 . 0010 . 00 34 60 . 7  . 0021  . 001 3 
8 65 2 0 . 80 . 65 . 41 6 . 58 . 0800 . 3500 1 . 380 
8 '  60 20 . 80 . 60 . 41 6  . 5 6 . 0820 . 3550 1 . 3 70  . 001 5 . 0206  62 . 4  . 01 30 . 00 7 6 
TABLE III . 
(Continued) 
Ga Gs (E) Pr Gs Gs 
vJ, ' w z e n lJU Ga Gs E Diff . Diff . Shielding Mutual Non .  
Shiel ding 
9 60 22 . 24 . 60 . 445 . 53 . 0835 . 3700 1 .  370 
9 ' 55 22.24 .55 . 445 . 50 .0840 . 3800 1 . 355  . 0010  . 0000 64 . 5  . 0000 . 0000 
1 0  55 23 . 64 . 5 5 . 474 . 47 . 0850 . 3800 1 . 355  
10 ' so 23 . 64 . 50 . 474 . 46 . 08(?0 . 3900 1 . 340 . 0020  . 0134 66 . 7  . 0089 . 0045 
1 1  so 25 . 1 2 . so . 502 . 43 . 0880 · . 4000 1 . 340 
1 1 ' 45 25 . 1 2 . 45 . 502 . 41 . 0880 . 4000 1 .  320 . 0020 . 0132 68 . 9  . 0092 . 0040 
12  .. 45 2 6.56  . 45 . 531 . 3.9 . 09 00 . 41 00 1 .  320 
1 2 ' 40 2 6 . 5 6 . 40 . 531 . 36 . 0900 . 4200 1 . 2 9 5  . 0010 . 0000 7 1 . 4  . 0000 . o.ooo 
13, 40 28 . 00 . 40 . 560 . 34 . 09 10  . 4200 1 . 292  
13 ' 35 28 . 00 . 35 . 560 . 30 . 0920  . 4300 1 . 2 7 0  . 0000 . 01 2 7 74 . 0  . 0094 . 0030 
14 35 2 9 . 44 . 35 . 589  . 2 9 . 0920 . 4400 1 . 2 7 0  
14 ' 30 29.44 . 30 . 589  . 2 7 . 0940 . 4400 1 . 240 . 0000 . 01 24 7 6 . 9  . 0095  . 002 9 . .  
1 5  30 30 . 88 . 30 . 618 . 24 . 0940 . 4500 1 . 240 
1 5 ' 2 5  30 . 88 . 2 5 . 618 . 2 1 . 0940 . 4600 1 . 2 05  . 0010  . 0000 80 . 0  . 0008 . 0002 
1 6  2 5  32 . 32 . 2 5 . 646 . 2 0  . 09 60 . 4600 1 . 2 05  
1 6 ' 20  32. 32 . 20  . 646 . 1 7 . 09 60 . 4650 1 . 1 70  . 0000 . 01 1 7  8 3 . 3  . 0098 . 001 9 
· 1 7  2 0  33 . 7 6 . 2 0 . 6 7 5  . 1 6 . 09 60 . 4700 1 . 1 70 ,: 
1 7 ' 1 5  33. 7 6  . 1 5 . 67 5  . 13 . 09 7 0  . 4750  1 . 130 . 0010  . 0056  8 7 . 8  . 0049 . 0007  v, ·  
TABLE III . 
( Cont inued) 
w '  u w z e n Wu 
1 8  1 5  35 . 20 . 1 5 . 704 . 1 2 
1 8 ' 10  35 . 2 0 . 1 0 . 704 . 0 7 
1 9  1 0  37 . 64 . 10 . 7 5 3  . 07 
19 ' 05 37 . 64 . 05 . 7 5 3  .04 
20 05 38 . 08 . O S . 7 62 . 04 
20 ' 0 38 . 08 . 00 . 7 62 . 00 
Peak 100 38 . 8 5 1 . 00 . 7 7 7  . 4 3 
Plate 100 10.00 1 . 00 . 200 . 8 3 
Ga Gs E 
. 0980 . 4800 1 . 1 38 
. 0980 . 4900 1 . 090 
. 0980  . 4900 1 . 090 
. 0990  . 49 50 1 . 045 
. 09 90 . 4950  1 . 045  
. 1 000 . 5000 1 . 000 
. 0880 . 3900 1 . 414 
. 0500 . 1 900 1 . 414 
. ...  
Ga G8 (E) Pr 
Diff . Diff . Shielding 
. 0000 . 0000 90 . 9  
. 0000 . 0000 9 5 . 5  
. 0000 . 0000 100 . 0  
. 0300 . 3020 
Gs 
Mutual 
Shie lding 
. 0000 
. 0000 
. 0000 
Gs 
Non .  
. 0000 
. 0000 
. 0000 
c' 
Vl. 
I_, 
,. 
TABLE IV . 
SKYSHINE AND SCATTER FOR 40° SLOPE 
Ga Gs (E) Pr Gs Gs 
Wu ' w z e n ¼ Ga Gs E Diff . Diff . Shielding Mutual Non . 
Shi_e lding 
0 '  1 00 1 0 . 00 1 . 00 . 200 . 83 . 0500 . 1 900 1 . 414  . 0030 . 0148 50 . 0  . 0074  . 0074  
1 100 1 1 . 05 1 . 00 . 2 2 1  . 81 . 0530 . 0205 1 . 410  
l '  9 5  1 1.05 . 9 5 . 2 2 1  . 80 . 0 550 . 2 1 50 1 . 41 0  . 0060 . 0423 51 . 3 . 0283 . 0140 
2 9 5  13 . 1 5 . 9 5 . 2 63 . 7 7  . 0 610 '  . 2450 1 . 410  
2 ' 90 13 . 1 5 . 90 . 2 63 . 7 6 . 0 620 . 2 500 1 . 41 0  . 0040 . 02 1 2  52 . 7, . 01 1 2  . 01 00 
3 90 1 5 .  2 5  . 90 . 305 . 74 . 06 60 . 2 650 1 . 410  
3 '  .. 8 5  1 5 . 2 5 . 85 . 305 . 73 . 0 670 . 2 900 1 . 405 . 0050 . 0070  54 . 0  . 0038 . 0032 
4 85 1 7 . 35 . 85 . 347  . 69 . 0720  . 2 950 1 . 405  
4 '  80 1 7 . 35 . 80 . 347 . 68 . 07 20  .• 3000 1 . 400 . 0050 . 02 10  55 . 5  . 01 1 6  . 0094 
5 80 1 9 . 45 . 80 . 389  . 63 . 07 70 . 32 50 1 . 400 
5 '  75  1 9 . 45 . 7 5 . 389 . 62 . 0 7 80 . 3300 1 .  39 6 . 0020 . 0140 5 7 . 2  . 0080 . 0060 
6 7 5  21 . 5 5  . 7 5 . 431 . 59 . 0800 . 3400 i' . 39 6  
6 '  70 2 1 . 55 . 7 0 . 431 . 58 . 0820 . 3500 1 . 390  . 0000 . 0139 58 . 9  . 0082 . 005 7 
7 70  23 . 65 . 70 . 473 . 54 . 0820 . 3600 1 . 390 
. 7 '  65 23 . 65 . 65 . 473 . 51 . 0840 . 3700 1 . 380 . 0000 . 0138 60 . 7  . 0084 . 0054 
8 65 25 . 7 5 . 65 . 51 5  . 50 . 0840 . 3800 1 . 380 
8 '  60 2 5.75  . 60 . 51 5  . 49 . 0850 . 3800 1 .  370 . 0010  . 0137 62 . 4  . 0086  . 0051 
V, . 
TABLE IV . 
(Cont inued) 
Ga G5 (E) Pr Gs Gs 
{Ju ' w z e n Wu Ga Gs E Diff . Diff . Shielding Mutual Non .  
Shie lding 
9 60 27 . 8 5 . 60 . 5 57  . 45 . 08 60 . 3900 1 . 37 0  
9 '  55 2 7 . 85 . 55 . 55 7  . 42 . 0880 . 4000 1 . 355  . 0010  . 01 3 6  64 . 5  . 0088 . 0048 
1 0  55 29 . 95 . 55 . .599 . 40 . 0890 . 41 00 1 .  355 
1 0 ' 50 29 . 95 . 50 . 599 . 38 . 0900 . 4100  1 . 340 . 0000 . 01 34 6 6 . 7  . 0089 . 0045 
11 50 32 . 05 . 50 . 641 . 35 . 0900 . 4200 1 . 340 
11 ' 45 32 . 05 . 45 . 641 . 32 . 0910 . 4300 1 .  320 . 0010  . 0000 68 . 9  . 0000 . 0000 
12 .. 45 34 . 1 5 . 45 . 683  . 3.0 . 0920 . 4300 1 .  320 
1 2 ' 40 34 . 1 5 . 40 . 683  . 2 8 . 0930 . 4400 1 . 295 . 0010  . 00 65 7 1 . 4  . 0046 . Q019 
1 3. 40 36 . 2 5 . 40 . 7 2 5  . 2 5 . 0940 . 4450 1 . 295 
1 3 ' 35 36 . 2 5 . 35 . 7 2 5  . 2 3 . 0940 . 4500 1 . 2 70  . 0010  . 01 2 7  74 . 0  . 0094 . 00 3 3  
14  35  38 . 35 . 35 . 7 67 . 2 1 . 0950 . 4600 1 . 2 7 0  
14 ' 30 38 . 35 . 30 . 7 67 . 19 . 0960 . 4600 1 . 240 . 0000 . 0000 7 6 . 9  . 0000 . 0000 . ·• 
15  30 40 . 45 . 30 . 809 . 1 8 . 0960 . 4600 1 . 240 
1 5 ' 2 5  40 . 45 . 2 5 . 809 . 1 5 . 0960 . 4700 1 . 205  . 0000 . 0000 80 . 0  . 0000 . 0000 
1 6  2 5  42 . 55 . 2 5 . 8 31 . 1 5 . 0960 . 4700 1 . 205  
1 6 ' 20  42 . 55 . 2 0 . 831 . 1 3 . 0970 . 47 50 1 . 1 70 . 00 10  . 0050 8 3 . 3  . 0049 . 0010  
· 1 7  20  44 . 65 . 2 0 . 893 . 1 1 . 0980 . 4800 1 . 1 70 
1 7 ' 1 5  44 . 65 . 1 5 . 893 . 08 . 0980 . 4850 1 . 1 30 . 0000 . 0057  8 7 . 8  . 0050 . ·0001 V1 . 
TABLE IV . 
(Cont inu�d)  
Wu ' w z e n Wu 
1 8  1 5  46 . 7 5 .1 5 .9 35 .08 
18 ' 10  46 . 7 5 . 10 . 9 35 . OS 
19  10  48.85 . 1 0 . 977 . OS 
1 9 ' 5 48.85 . 05 .977 .02 
20 5 50 . 9 5 .05 1 . 019  .02 
20 ' 0 50 . 9 5 . 00 1 . 019  . oo 
Pe ak 100 52.00 1 . 00 1 . 040 .32 
Plate 100 1 0 . 00 1 . 00 .200 .83 
Ga Gs E 
. 09 80 .4900 1 . 1 30 
. 09 80 . 4900 1 . 090 
.0980 . 4900 1 . 090 
.0990 . 4950 1 . 045 
.0990 . 4950 1 . 045 
. 1 000 .5000 1.000 
.0910  . 4300 1.414  
. 0500 . 1 900 1 . 414 
· '  
Ga Gs (E )  
Diff . Diff . 
. 0000 . 0000 
. 0000 . 0000 
.0000 . 0000 
.0410 .3610  
)' 
Pr Gs 
Shielding Mutual 
Shielding 
90 . 0  .0000 
9 5 . 5  . 0000 
1 00 . 0  . 0000 
Gs 
Non . 
. 0000 
. 0000 
. 0000 
v,· 
\0 
TABLE V. 
OVERHEAD CONTRIBUTION FOR 10° SLOPE 
-
XO 
LJ ' u Wu 0 2 5  ' 50 60 70 80 90 100 l lO  120 130 140 150 
O '  . 8 3 . 3600 . 1600 . 07 60 . 05 60 . 0420 . 0 330 . 02 50 . 0200 .0150 . 0130 . 0094 . 00 7 3  . 0056  
l . 8 3 . 3600 . 1600 . 07 60 . 0 560 . 0420 . 0 3 30 . 02 50 . 0200 .0150 . 0130 .0094 . 007 3 . 0056  l '  . 82 . 3400 . 1600 . 07 60 . 0560 .0410 . 03 30 . 02 50 . 0200 . 0150 . 0130 . 0094 . 00 7 3  . 0056  
2 . 82 . 3400 . 160 . 07 60 . 0560 . 0'410 . 0 330 . 02 50 . 0200 . 0150 .0130 . 0094 . 007 3 . 0056  
2 ' . 81 . 3200 . 1600 . 07 60 . 0560 . 0410 .03�0 . 02 50 . 0200 .0150 . 0130 . 0094 . 007 3 . 0056  
3 . 80 . 3000 . 1600 . 07 60 . 0560 . 0410 . 03 30 .02 50 .0200 .0150 . 0130 . 0094 . 00 7 3  . 0056  
3 ' � 79 . 2800 . 1500 . 07 50 . 0 550 . 0410 . 03 30 . 02 50 . 0200 .0150 . 0130 . 0094 . 00 7 3  . 0056  
4 . 78 . 2 700 . 1500 . 07 50 . 0550 . 0410 . 03 30 . 02 50 .0200 .0150 .0130 .0094 .0073 . 0056  
l} '  . 7 7  . 2 600 . 1400 . 0740 . 0550 . 0410 . 03 30 . 0250 . 0200 . 0150 .0130 .0092 .00 7 3  . 0056  
5 . 7 6 . 2 500 . 1400 . 0740 . 0550 . 0410 . 03 30 . 02 50 . 0200 .0150 .0130 .0092 . 00 7 3  . 0056  
5 ' . 7 5 . 2400 . 1400 . 07 l�0 .0550 . 0410 . 0320 . 02 50 . 0200 .0150 .0130 .0092 .00 7 3  .0055 
. '• 
6 . 7 5 . 2400 . 1400 . 0740 . 0550 ·. 0410 .0320 . 02 50 , 02 00 .0150 .0130 .0092 .00 7 3  .0055 
6 '  . 74 . 2 300 . 1400 . 0740 . 0550 . 0410 . 0320 .0240 .0200 . 0150 . 0130 .0092 . 00 7 3  .0055 
7 . 7 3 . 2 300 . 1400 . 07 30 . 0550 .0410 .0320 .0240 . 0200 .0150 .0130 .0092 .0072  .0055 
7 '  . 72 . 2 200 . 1400 . 07 30 . 0540 . 0410 . 0320 . 0240 . 0190 .0150 . 0130 .0092 .0072  .0055 
8 . 71 . 2100 . 1400 . 0720  . 0530 . 0400 .0320 . 0240 . 0190 .0150 . 0130 .0092 . 00 7 2  .0055  
' 8 ' . 70 . 2000 . 1400 . 0720  . 0530 . 0400 .0320 . 0240 .0190 . 0150 . 0130 .0092 .0072  . 0055 
TABLE V .  
(Cont inued) 
Xo 
W '  u t.Ju 0 25 50 60 70  80  90  100 1 1 0  1 20  130 140 150 
9 . 69 .1900 . 1400 . 07 10  . 0530 . ot�oo . 0320 • 02l�O . 0190  . 0150 . 0130 . 0091  . 0072  . 0055 
9 '  . 68 . 1 900 . 1300 . 07 10  . 0520 . 0400 . 0320 . 0240 . 01 90 . 0150 . 0130 . 0091  . 0072  . 0054 
10  . 65 . 1 800 . 1300 . 0700 . 0520 ' . 0390 . 0310 . 0240 . 0190  . 0150 . 0130 . 0090 . 007 1 . 0054 
10 ' . 63 . 1 700 . 1300 . 0700 . 0510 . -0390 . 0310 . 0240 . 01 90  . 0140 . 0130 . 0090  ." 0071 . 0054 
11 . 62 . 1 700 . 1 200 . 0 690 . 0510 . 0390 . 031,0 . 0240 . 0190  . 0140 . 0130 . 0090 . 0071  . 0054 
11 ' .60 .1500 . 1 200 . 0670  . 0500 . 0390 . 0300 . 0240 . 0180  . 0140 . 0130 ., 0090 . 0070  . 0053 
12  �59 . 1400 .1 200 . 0670  . 0500 . 0390 . 0300 . 0230 . 0180 . 0140 . 0130 . 0090 . 0070 . 0053 
12 ' . 55 .1400 .1000 . 0620 . 0480 . 0380 . 0290  . 0230 . 0180  . 0140 . 01 20  . 0088 . 00 69 . .  0052 
13 .54 . 1400 .1000 . 0600 . 0480 . 0380 . 0290  . 0230 . 01 80 . 0140 . 0120  . 0085 . 00 68 . 0052 
13 ' . 52 . 1300 . 0930 ! 0600 . 0460 . 0370 . 0280 . 0220  . 0180  . 0130 . 01 10  . 0083 . 00 67 . 0051 
· 1 4. . 49 . 1 200 . 0890 . 0580 . 0450 . 0350 . 0280 . 0220  . 01 70 . 0130 . 01 1 0  . 0082 . 00 65 . 0051 
14 ' .45 -. 1 000 , 07 90 . 0520 . 0420 . 0340 . 02 �Q . 02 10  . 01 70 . 0130 . 0100 . 0080 . 0063 . 0050 
15 . 44 .1000 . 07 70 . 0510 . 0410 . 0330 . 02 60 . 0210  . 01 70 . 0130 . 0100 . 0080 . 00 63 . 0050 
15 ' .40 .0880 .0690 .0480 .0380 . 0310 . 0240 . 01 90  . 01 60 . 0130 . 0095 . 00 75 . 00 61 . 0048 
1 6  .39 .0850 . 0670 . 0460 . 0380 . . 0300 . 0240 . 0190 . 01 60 . 0130 . 0092 . 0074 . 00 60 . 0048 
1 6 ' . 32 .0680 .0510 . 0380 . 031 0 . 0250 . 0200 . 01 70 . 0130 . 0100 . 0082 . 006 6 . 0053 . 0043 
1 7  . 31 . 0 620 . 0500 . 0360 . 0290  . 0240 . 0190  . 01 70 . 0130 . 0100  . 0080 . 00 65 . 0052 . 0042 
1 7 ' .25 . 0500 .0390 . 0300 . 0240 . 0200 . 01 70 . 0140 . 01 10  . 0086 . 0070  . 0056 . 0046 . 0038 
TABLE V .  
(Cont inued) 
lJ ' u (Ju 0 25  so 60 70 
1 8  . .  24 . 0480 . 0380 . 0290 . 0240 . 0190 
1 8 ' .17  . 0300 . 0240 . 0190 . 01 60 . 0130 
19 . 1 6 . 0300 . 0240 . 01 80 . 0150 . 0130 
19 ' . 08 . 01 50 . 0130 . 0095 . 0080 · . 0070 
20 . 08 . 0140 . 0130 . 0092 . 0080 . 00 68 
20 ' . 00 . 0000 . 0000 . 0000 . 0000 . 0000 
Peak . 70 . 2000 . 1400 . 0 720 . 0530 . 0400 
Plate . 83 . 3600 . 1 600 . 07 60 . 0560 . 0420 
./ 
Xo 
80 90 100 
. 01 7 0  . 0130 . 01 1 0  
. 01 10  . 0090 . 0073 
. 01 10  . 0090 . 0070  
. 0058 . 0049 . 0040 
. 0056 . 0048 . 0040 
. 0000 . 0000 . 0000 
. 0320 . 0240 . 0190 
. 0330 . 0250 . 0200 
· '  
; 
1 10 120 130 
. 0085 . 0068 . 0055 
. 0060 . 0060 . 0039 
. 0060 . . 0049 . 0040 
. 0033 . 002 7 . 0022 
. 0032 . 0027 . 0022 
. 0000 . 0000 1 . 0000 
. 0150 . 0130 . 0092 
. 0150 . 0130 . 0094 
140  150 
. 0045 . 0038 
. 0033 . 0028 
. 0033 . 0027 
. 0018  . 001 6 
. 00 18  . 0015 
. 0000 . 0000 
. 00 72 · . 0055 
. 0073 . 0056 
°' . 
' N 
Ir 
TABLE V I. 
OVERHEAD CONTRIBUTION FOR 20° SLOPE 
-
XO 
W ' u (.Ju 0 25  50  60 7 0  80 90 1 00 110 120 1 30 140 1 50 
O '  .8 3 .3600 .1600 .07 60 .0560 .0420 .0330 .0250  .0200 .01 50 .01 30 .0094 .007 3 .0056  
1 .82 .3400 .1 600 .07 60 .0560 .041 0 .0330 .02 50 .0200 .01 50 .01 30 .0094 .007 3 .0056 l '  .81 .3200 .1 600 .07 60 .0560 .0410 .0330 .02 50 .0200 .01 50 .01 30 .0094 .007 3 .0056  
2 . 80 . 3000 .1 600 .07 60 .0560 .0410 .0330 .02 50 .0200 .01 50 .01 30 .0094 .007 3 .0056  
2 '  .78  .2 7 00 .1500 .07 50 .0550 .0410 .0330 .02 50 .0200 .01 50 .01 30 .0094 .007 3 .0056  
3 .78 .2 700 .1500 .0750 .0550 .041 0 .0330 .02 50 .0200 .01 50 .01 30  .0094 .007 3 .0056  
3 '  : 78 .2700 .1 500 .0750 .0550 .0410 .0330 .02 50 .0200 .01 50 .01 30 .0094 .00 7 3  .0056 
4 .78 .2 700 .1500 .07 50 .0550 .0410 .0330 .0250 .0200 .01 50 .01 30 .0094 .00 7 3  .0056  
4 ' .78 .2 700 .1500 .0750 .0550 • QL� l O  .0330 .0250 .0200 .0150  .01 30 .0094 .007 3 .0056  
5 .76  .2500 _ goo .0740 .0550 .041 0 .0330 .0250 .0200 .01 50 .01 30 .0092 .007 3 .0056  
5 '  .75  .2400 .1400 .0740 .0550 .0410 .0320 .0250 .0200 .0150  .01 30 .0092 � 00 7 3  .0055 
. .. 
.70 .2000 .1400 .0720 .0530 .0400 .0320 .0240 .01 90 .01 50 .01 30 .0092 .0072 .0055 
6 ' . 69 .1900 .1400 .0710  .0530 .0400 .0320 .0240 .01 90 .0150  .01 30 .0091 .0072 .0055 
7 .68 .1 900 .1 300 .0710 .0520 .0400 .0320 .0240 .01 90  .01 50 .01 30 .0091 .0072  .0054 
7 I .66  .1800 .1 300 . 0700 .0520 .0400 .0310  .0240 .01 90  .01 50 .01 30 .0090 .0071 .0054 
8 . 65 .1800 .1 300 .0700 .0520 .0390 .0310  .0240 .01 90 .0150  .01 30 .0090 .007 1  .0054 
8 '  . 62 .1 700 .1200 .0690 .0510 .0390 .0310 .0240 .01 90 .0140 .01 30 .0090 .0071 .0054 ,-
TABLE VI . 
(Continued) 
XO 
� '  u w'u 0 25  50  60 7 0  80 90 1 00 1 1 0  1 2 0  1 30 140 150 
9 . 61  . 1 700 .1200 .0690 . 0500 .0390 .02 10  . 0240 .0180 .0140 . ODO . 0090 . 007 1 . 0054 
9 ' . 59 .1400 .1200 . 0670 .0500 .0390 .0300 .02 30 .0180 .0140 . 01 30 . 0090 . 00 70  . 0053  
l 
10  . 58 .1400 .1200 .0670 .0490 .0380 .0290 .02 30 .0180 . 0140 .01 30 . 0088 .0069 .0053  
1 0 ' . 54 .1400 . 1 000 .0600 . 0480 ·.0380 .0290 .0230 . 01 80 . 0140 . 01 20  . 0085 . 0068 . 0052  
1 1  . 5 3 . 1 300 .1000 .0620 .0480 . 0370  .0290 .02 30 .0180 .0140 .01 20  . 0085 . 0067  . 0052 
1 1 ' . 51 .1200 . 0900 . 0590 . 0450 . 0360 .0280 .0220  .0180 . 0140 . 01 10  1 . 0083 . 00 6 6  .0051 
1 2  . 49 . 1200 .0890 . 0580 .0450 .0350 . 02 80 .0220 .01 70  .01 30 .01 10  .0082 . 0065  . 0051  
1 2 ' .46 .1 100 .0810 . 0530 .0430 .0340 .02 70 . 02 10  . 01 7 0  .01 30 . 0100  .0080 .0064 . .  0050 
1 3  . 44 .1000 . 07 70  .0510 . 0410 . 0330 . 02 60 .02 10  .01 7 0  .01 30 . 01 00 . 0080 . 0063  . 0050 
1 3 ' .41 . 0900 . 0 700 .0490 .0400 .0320 . 0250 . 0200 .01 70  . 01 30 .0097 .007 6 . 0061  .0049 
· 14 .40 .0880 .0690 . 0480 .0380 .0310 .0240 .0190 . 01 60 . 01 30 . 0095 . 0075 · • 0061 .0048 
lL� ' .36 · .07 70 . . 0600 . OLi-20  .0350 .0280 .02 �_0 . 0180 .01 50 .0120 .0090 . 00 70  . 0058  . 0046 
15 . . 3 3 · .0650 .0510 .0-380 .0310 . 0250 .0200 .01 70 .0140 .01 10  . 0082 . 0065  . 0053 . 0044 
1 5 ' . 29 . 0600 . 0480 . 0340 .0280 .0240 . 01 80 .01 60 .01 30 .0096 . 0078  . 0062 . 0051  .0041 
1 6  .28 .0550 .0430 . 0320 . 02 60 . . 0220  .01 7 0  . 0140 . 0120 . 0091  . 00 7 3  . 0060  . 0049 . 0040 
1 6 ' . 2 3 . 0420 .0340 .02 50 .02 10  .0180 .0140 .01 30 .0099 . 00 79 . 0062 . 0051 . 0042 .0035 
1 7  .21 . 0400 .0330 .0250 .0200 .0180 .0140 .01 30 .0090 .0075 . 0061  . 0049 . 0040 . 0034 
1 7 ' .18  . 0 330 .02 60 .0200 .01 70  .014-0 .01 20  .0098 .0080 .0062 .0051 .0042 . 0035 .0029 
TABLE VI . 
(Continued) 
Wu ' Wu 0 2 5  50 60 7 0  
1 8  . 1 7 . 0 300 . 0240 . 0190  . 0 160  · . 01 30 
1 8 ' . 1 2 . 0200 . 0170  . 01 30 . 0120  . 0090 
19  . 1 1 . 0190  . 01 60 . 01 30 . 01 1 0  . 0089 
1 9 ' . 05 . 01 10  . 0085 . 0065 . 0058 . 0048 
20  . 05 . 0093  . 0080 . 0060 . 0050 . 0043 
20 ' . 00 . 0000 . 0000 . 0000 . 0000 . 0000 
Peak . 5 6 . 1400 . 1000 . 0630 • Ol�80 . 0 380 
Fla te . 83 . 3 600 . 1 600 . 07 60 . 05 60 . 0420 
XO 
80 90 1 00 
. 01 1 0  . 0090 . 007 3 
. 007"5 . 0068 . 0055  
. 00 73  . 0062 . 0051  
. 0040 . 0035 . 002 9 
. 0036  . 0032 . 002 7 
. 0000 . 0000 . 0000 
. 0290  . 02 30 . 0180  
. 0330 . 02 50 . 0200 
. .. 
1 1 0  1 2 0  
. 0060 . 0050 
. 0043 . 0039 
. 0041 . 0035  
. 0024 . 0019  
. 0021  . 0018  
. 0000 . 0000 
. 0140 . 01 0  
. 01 50 . 01 30 
1 30 
. 0039 
. 00 30 
. 0028 
. 001 6 
. 00 15  
. 0000 
. 0088  
. 0094 
140 1 50 
. 0033  . 0028 
. 002 5 . 0022  
. 0024 . 0020  
. 001 3 . 0012  
. 001 3 . 001 1 
. 0000 . 0000 
. 0069  . .  0052 
. 00 7 3  . 0056  
°' 
V'I 
TABLE VII .  
W, ' u Wu 0 25 50 
O '  .83 . 3600 .1 600 .07 60 
1 .82 . 3400 .1 600 .07 60 
l '  .81 .3200 .1 600 .07 60 
2 .78 .2 700 .1500 .0750 
2 '  . 7 8  .2 700 .1500 .0750 
3 ... 7 5 .2400 .1400 • 07 l�0 
3 '  .74 .2 300 .1400 .0740 
4 . 7 2  .2200 .1400 . 07 30 
4 '  . 71 .2100 .1 300 . 07 20  
5 . 68 .1900 .1 300 .071 0 
5 ' .67 . 1800 .1 300 .0700 
6 .65 . 1 800 . 1 300 . 0700 
6 '  .63 . 1 700 .1 300 .0700 
"7 . .61 .1 700 .1200 . 0 690 
7 '  .60 . 1500 . 1200 .0670 
. 8 . .58 .1400 .1200 .0670  
8 '  .56 .1 300 .1100 • 0 6L�O 
OVERHEAD CONTRIBUTION FOR 30° SLOPE . 
60 70 
.0560 .0420 
.0560 • Ql� l0  
.0560 ! 0410 
.0550 .0410 
.0550 .041 0 
.0550 .041 0 
. 0550 . 0410 
. 0540 . 0410 
. 0530 · . 0400 
.0520 . 0400 
. 0520 · . 0400 
. 0520 . 0 390 
. 0510 . 0390 
. 0500 . 0390 
. 0500 . . 0380 
.0490 .0380 
.0480 .0380 
XO 
80 90 100 
. 0330 . 0250 . 0200 
.0330 .0250 . 0200 
.0330 . 0250 . 0200  
.0330 .0250 . 0200 
.  0330 .0250 .0200 
.0320 . 0250 . 02 00 
.0320 .0240 . 0200 
. 0320 . 0240 . 01 90 
. 0320 . 0240 .0190  
. 0320  . 0240 . 0180  
. 0320 . 0240 . 01 80 
· "' 
. 0310 .0240 .0180 
. 0310 . 0240 .01 80 
. 0310 . 0240 . 0180  
. 0300 . 0240 . 01 80 
.0290 . 0240 .0180 
. 0290  . 02 30 . 01 80 
110  
. 0150 
. 0150 
. 0150 
. 0150 
. 0150 
. 0150 
.0150 
. 0150 
.0150 
. 0150 
. 0150 
. 0150 
. 0140 
. 0140 
. 0140 
. 0140 
. 0140 
. . . .  
120  
.01 30 
. 01 30 
. 01 30 
. 01 30 
. 01 30 
.01 30 
. 01 30 
. 01 30 
. 01 30 
. 01 30 
. 01 30 
. 01 30 
. 01 30 
. 01 30 
. 01 30 
. 01 30 
. . 01 20  
' .  
1 30 
. 0094 
. 0094 
. 0094 
. 0094 
.0094 
. 0092 
. 0092 
. 0092 
. 0091 
.0091 
. 0091 
.0090 
.0090 
. 0090  
. 0089 
. 0088 
. 008 6 
140 . 150 
. 007 3 . 0056 
. 007 3 . 0056 
. 007 3 .0056  
. 00 7 3  . 0056 
. 00 7 3  . 0056 
.007 3  . 0055 
. 00 7 3  . 0055 
. 0072  . 0055 
. 0072  . 0055 
. 0072  .0054 
. 00 7 2  . 0054 
. 0071 . 0054 
. 00 71 . 0054 
. 0071 . 0054 
• 0070  · • 0053  
. 0069  . 0053 
. 0068 . 0053 ( °' . 
TABLE VII .  
(Cont inued) tJu ' <.Ju 0 2 5  50 
9 . 53 . i 3oo . 1000 . 0620 
9 ' . so . 1200 .0900 . 0590 
10 . 49 . 1200 . 0890 . 0580 
10 ' . 46 . 1100 . 0810 . 0530 
11 . 43 . 1000 . 07 80 . 0510 
11 ' . 41 . 0900 . 0700 . 0490 
12 . 39 . 0850 . 0670 . 0460 
P '  . 3 6 . 0770 . 0 600 . 0420 
13 . 34 . 0720  . 0540 . 0400 
13 ' . 30 . 0 610 . . 0490 . 0350 
f4 . 2 9 . 0600 . oL�8o . 0340 
14 ' . 2 7 � 0550 . -042 0 . 0320 
15 I . 24 . 0480 . 0380 . 0290  
15 ' . 2 1 . 0400 . 0330 . 0250  
16  . 20 . 0390 . 0310 . 02 30 
16 ' . 17 . 0330 . 02 50 . 0190 
17  . 1 6 . 0300 . 0240 . 0180 
17 ' . 13 . 02 30 . 0190 . 0140 
XO 
60 70 80 90 
. 0480 · . 0 370  . 02 90 . 02 30 
. 0460 . 0360 . 0280 . 02 20  
. 0450 . 0350 . 02 80 . 0220  
. 0430 . 0340 . 02 70 . 02 10 
. 0410 . 0330 . 02 60 . 0210 
. 0400 . 0320 . 02 50 . 02 00 
. 0380 . 0300 . 02li-O . 0190  
. 0350 . 02 80 . 02 30 . 0180 
. 0330 . . 0280 . 02 20  . 0180 
. 0290  . 0240 . 0190  . 0160 
. 02 80 . . 0240 . 0180 . 0160 
. 02 60 , 0220  • 01 70. . ogo 
. 02 60 . 0190 . 0170 . 0130 
. 0200 . 0180 . 0140 . 0130 
. 0190 . 01 70  . 0140 . 0120 
. 0170 . 0140 . 0120  . 0096  
. 01 50 . 01 30 . 0110 . 0090 
. 0130 . 0100 . 0088 . 0070 
100 1 10 
. 0180  . 0140 
. 0180 . 0130 
. 01 70 . 01 30 
. 01 70 . 0130 
. 0170 . 01 30 
. 0170 . 01 30 
. 01 60 . 01 30 
. 0150 . 0120  
. 0140 . 01 20  
. 0130 . 0100 
. 01 30 . 0096  
. 0120 . 0090 
. 110 . 0085 
. 0090 . 0075  
. 0090 . 0072  
. 007 3 . 00 62 
. 0070  . 0060  
. 0060 . 0048 
120 130 
. 01 2 0  . 0085 
. 0110 . 0083 
. 0110 . 0082 
. 01 00 . 0080 
. 0100 . 0080 
. 0097 . '007 6  
. 0092 . 0074 
. 0090 . 0070  
. 0088 . 0068 
. 0080 . 0064 
. 0078  . 0062 
. 0075  . 0060  
. 0068 . 0055 
. 0061 . 0049 
• 0059 · . 0048 
. 0050 . 0043 
. 0049 . 0040 
. 0039  . 0033  
140 150 
. 0067  . 0052 
. 0065  . 0051 
. 00 65 . 0051 
. 0064 . 0050 
. 0063  . 0050 
. 0061 . 0049 
. 0060 . 0048 
. 0058 .• 0046 
. 0056 . 0045 
. 0052 . 0042 
. 0051 . 0041 
. 0048 . 0040 
. 0045 . 0038  
. 0040 . 0034 
. 0039  . 0033  
. 0034 . 0028 
. 0033  . 002 7 
. 002 6 . 0023 
TABLE VII . 
(Cont inued ) 
4/ u
' Wu 0 2 5  50 60 
18 .12  .0200 . 01 70  . 01 30 . 0120  
18 ' . 07 .01 30 . 0110  . 0080 . 0070 
19  .07 . 01 30 . 01 10  . 0080 . 0070 
1 9 ' .03 .0065 .0057  . 0040 . 0035 
20 . 03 . 0065 . 0057  . 0043 . 0035  
20 ' .00 . 0000 .0000 . 0000 . 0000 
Peak . 43 . 1 000 . 0780 . 0510  . 0410 
Pl a te . 83 . 3600 . 1 600 . 07 60 . 05 60 
XO 
70  80  ·90  100 
. 0090 . 007 5 . 0068 . 0055  
. 0059 . 0050 . 0042 . 0035  
. 0059 . 0050 . 0042 . 0035  
. ·0029 . 002 5 . 0022 . 0018 
. 002 9 . 002 5 . 0022 . 0018 
. 0000 . 0000 . 0000 . 0000 
. 0330 . 02 60 . 02 10  . 01 7 0  
. 042.0 . 0330 . 0250  . 0200 
. .. 
110 1 20  
. 0043 . 0039  
. 0029 . 0024 
. 0029  . 0024 
. 00 15  . 0013  
. 00 15  . 00 13  
. 0000 . 0000 
. 01 30 . 0100 
. 01 50 . 01 30 
1 30 
. 0030 
. 0019  
. 0019  
. 0010 
. 0010  
: 0000 
. 0080 
. 0094 
140 1 50 
. 002 5 . 0022  
. 00 16  c . 0014 
. 00 1 6  . 0014 
." 0008 . 0007 
. 0008 . 0007 
. 0000 . 0000 
. 006 3  . .  0050 
. 00 7 3  . 0056  
°' 
00 ' 
,. 
TABLE VIII . 
OVERHEAD CONTRIBUTION FOR 40° SLOPE 
XO 
W '  u Wu 0 2 5  50 60 7 0  8 0  90  100 110 · 120 1 30 140 1 50 
O '  . 8 3 . 3600 .1 600 . 07 60 . 0560 · • 0420  . 0330 . 02 50 . 0200 . 01 50 . 01 30 . 0094 . 0073  . 0056  
1 . 81 . 3200 . 1 600 . 0 7 60 . 0560 . 0410 . 0330 . 02 50 . 0200 . 01 50 . 01 30 . 0094 . 00 7 3  . 0056  
l '  . 80 . 3000 . 1 600 . 07 60 . 05 60 . 0410 . 0330 . 02 50 . 0200 . 01 50 . 01 30 . 0094 . 00 7 3  . 0056  
2 . 7 7  . 2 600 . 1400 . 0740 . 0550 . 0410 . 0330 . 02 50 . 0200 . 01 50 . 01 30 . 0092 . 00 7 3  . 0056  
2 '  . 7 6 . 2 500 . 1400 . 0740 . 0550 . 0410 . 0330 . 02 50 . 0200 . 0150  . 0130  . 0092 . 007 3 . 0056  
3 ., 74 . 2 300 . 1400 . 0740 .· 0550 . 0410 . 0320 . 0240 . 0200 . 0150  . 01 30 . 0092 . 007 3 . 0055 
3 ' . 7 3 . 2 300 . 1400 . 07 30 . 0550 . 0410 . 0320 . 0240 . 0200 . 0150  . 01 30 . 0092 . 0072  . 0055  
4 . 69 . 1 900 . 1400 . 07 10  . 0530 . 0400 . 0320 . 0240 . 0190  . 01 50 . 01 30 . 0091 . 00 72 . 0055 
4 ' . 68 . 1 900 . 1 300 . 07 10 . 0520 . . 0400 . 0320 . 0240 . 0190  . 01 50 . 01 30 . 0091 . 0072 . 0054 
5 . 6 3 . 1 700 . 1 300 . 0700 . 0520 . 0390 . 0310 . 0240 . 01 90  . 0140 . 01 30 . 0090 . 007 1 . 0054 
. 5 ' . 62 . 1 700 . 1 200 . 0690 . 0510 . . 0390 .· 0310 . 0240 . 0190  . 0140 . 01 30 . 0090 � 00 7 1  . 0054 
. ' 
6 . 59 . 1400 . 1200 . 0670 . 0500 . 0390 . 0310 . 02 30 . 0180  . 0140 . 01 30 . 0090  . 00 70  . 0053  
6 '  . 58 . 1400 . 1 200 . 0 670 . 0490 . 0380 . 0290  . 02 30 . 0180 . 0140 . 01 30 . 0088 . 0069  . 0053  
7 .  . 54 . 1400 . 1000 . 0600 . 0480 . 0380 . 0290  . 02 30 . 01 80 . 0140 . 0120 . 0085 . 0068  . 0052 
7 '  . 5 1 . 1 200 . 0900 . 0590 . 0450 · . 0360 . 0280 . 0220  . 01 80 . 0140 . 01 1 0  . 0083  . 00 6 6  .• 0051 
8 . 50 . 1 200 . 0900 . 0590 . 0460 . 0360 . 02 80 . 0220 . 0180 . 01 30 . 01 1 0  . 0083  . 00 65 . 0051  
8 '  . 49 . . 1200 . 0890 . 0580 � 0450 . 0350 . 0280 . 0220 . 01 7 0  . 01 30 . 01 1 0  . 0082 . 0065  . 0051  
TABLE VII I . (Cont inued) 
Xo 
(;J I u LJU 0 2 5  50 60 70 80 90 100 110 120 130 140 150 
9 .45 .1000 .07 90 . 0520 . 0420 .0340 .02 60 . 02 10 . 0170 . 0130 .0100 . 0080 . 0063 . 0051  
9 ' .42 .0940 .0730 .0500 . 0400 .0320 .02 50 . 0200 . 0 1 60 . 0130 . 0098 . 00 18  . 0062 . 0049 
10 .40 .0880 .0690 . Oli-80 .0380 . 0310 . 0240 .0190 . 0160 . 0130 . 0095  . 00 75  . 0061  . 0048 
10 ' .38 .0850 .0670 • Ol�60 .0380 ;0300 . 0240 . 01 90 . 0160 . 0130 .0092 . 0074 . 0060 . 0048 
11 .35 .07 60 .0590 .0420 .0340 .0280 . 0230 . 0180 . 0140 . 0120 . 0089 . 0071  . 0058 . 0047 
11 ' .32 .0680 .0510 .0380 . 0310 .02 50 .0200 . 0170 . 0130 . 0100 . 0082 : 00 6 6  . 0053 .0043 
12 .30 .0610 .0490 .0350 . 0290 . 0240 .0190 .0160 . 0130 . 0100 . 0080 . 0064 . 0052 . 0042 
1 2 ' .28 .0550 .0430 .0320 .02 60 .0220 . 0170 . 0140 . 0120 . 0091 . 0073 . 0060 . 0049 . .  0040 
13 .25 .0500 .0390 . 0300 . 0240 .0200 .0170 .0140 . 01 10 . 0086  . 0070 . 0056  . 0046 .0038 
13 I .23 .0420 .034-0 . 02 50 . 02 10 . 0180 . 0140 .0130 .0099  . 0079  . 0062 . 0051  . 0042 . 0035 
14 . 2 1 . 0400 .0330 .0250 .0200 . 0180 . 0140 . 0130 . 0090 .0075  .0061  .0049 .· oo4o . 0034 
14 ' .19  ·.0380 .0300 .0230 . 0190 .0160 . 0130 . 01 10 . 0089 . 0072  . 0058  . 0046 . 0038 . 0032 
. ' 
15  .18 .  03 30 .02 60 . 0200 . 01 70 . 0140 . 0130 .0098 . 0080 . 00 62 . 0051  . 0042 . 0035  . 002 9 
15 ' . 1 5 . 0290 .0230 .0180 .0150 .0130 .01 10 . 0085 . 0070 . 0058 . 0046 . 0038 .0031 . 002 6 
16 .15  .0290 . 0230 . 0180 . 0150 . . 0130 .01 10 . 0085 . 0070 . 0058 . 0046 . 0038 . 0031 . 002 6 
16 ' .13 .0230 .0190 .0140 . 0130 .0100 .0088 . 0070 . 0060 .0048 . 0039 . 0038 . 002 6 . 0023 
1 7  .11 .0190 .0160 .0130 .0110 . 0089 . 0073 . 0063 . 0051 . 0041 . 0035 . 0038 . 0024 .0020 
17 ' .08 .0150 .0130 .0092 . 0080 .0067  .0048 .0048 . 0040 . 0032 . 002 6 . 0022  . 0018 .0015 
TABLE VII I . 
(Cont inued)  
l.Ju ' (.Ju 0 25  50  60 7 0  
18  . 08 . 0140 . 0120 . 0088 . 0073  · . 0062 
1 8 ' . 05 . 0090 . 0076  . 0058 . 0049 . 0041 
1 9  . 05 . 0090 . 007 6 . 0058 . 0049 . 0041 
19 ' . 02 . 0040 . 0035 . 002 6 . 0022 :0019  
20 . 02 • 00li.0 . 0035 . 002 6 . 0022 . 0019  
20 ' . 00 . 0000 . 0000 . OOQO . 0000 . 0000 
Pe ak .32 . 0 680 . 0510  . 0380 . 0310 . 0250 
Plate  . 83 . 3600 . 6600 . 07 60 . 0500 . 0420 
Xo 
80 90  100  1 1 0  
. 0053 . 0046 . 0038 . 0030 
. 003°6  . 0030 . 002 6 . 0021 
. 0036  . 0030 . 002 6 . 0021 
. 001 7 . 0014 . 0013  . 0010  
. 0017  . 0014 . 0013  . 0010  
. 0000 . 0000 . 0000 . 0000 
. 0200 . 01 7 0  . 01 30 . 01 00 
. 0330 . 0250 . 0200 . 01 50 
. ... 
120 1 30 
. 0025 . 0021 
. 0018  . 0014 
. 0018  . 0014 
. 0008 . 0006 
. 0008 . 0006  
. 0000 � 0000 
. 0082 . 0066  
. 01 30 . 0094 
140 150 
. 0018  . 00 1 5  
. 00 1 3  . 00 10  
. 001 3 . 0010  
. 0005 . 0005 
. 0005 . 0005 
. 0000 . 0000 
. 0053 .  0043 
. 00 7 3  . 0056 
-..J 
� 
TABLE X . 
Xo
-' 0 25  
X0 (S lope ) 0 ' 24 . 6 
Co (N)
1 . 1 300 . 1 000 
Co (N) . 02 1 0  . 0180 
TABLE IX . 
SOLID ANGLE COMPUTATIONS FOR 
SLANT TECHNIQUE FOR 1 0° SLOPE 
c.,J ' u w L z e n w 
N 7 . 0  1 00 . 0  18 . 35 . 07 . 367  . 1 2 
N '  92 . 2  100 . 0  18 . 35 . 07 . 367  . 69 
SLANT TECHNIQUE CONTRIBUTIONS FOR 1 0°. SLOPE . . . . . . . . , . . · � --· . . . . · � ·  , .. , . .  
' • • • • • , • t • < • I • • • • • I ,, ' • • ,  i· • �· · - •  - • ., ' , � � ,; • 
50 60 70  80 90 100 1 1 0  1 20  1 30 140 
l�g . 3 59 . 1  · 68 . 9  78 . 8  88 . 6  98 . 1  1 08 . 0  1 18 . 0  1 28 . 0  1 38 . 0  
. 0630 . 0490 . 0380 . 0300 . 0240 . 0190  . 0140 . 01 20  . 0089 . 0071  
, 0140 . 0120  . 0093  . 0080 . 00 68 . 0055 . 0044 . 0038 . 0031  . 002 5 
.... 
1 50 
148 . 0  
. 0055 
. 0021  
....., 
f'v 
TABLE XII. 
XO 0 25 
X0 (Slope ) 0 23.5 
Co (N)
1 .1 300 .1 100 
co .(N)  . 0270 .0230 
TABLE XI .  
SOLID ANGLE COMPUTATIONS FOR 
SLANT TECHNIQUE FOR 20° SLOPE 
W '  u w L z e n LJ 
N 1 3. 0  100.0 28.20 . 1 3 . 5 64 . 14 
N '  96. 4 100.0 2 8.20 � 96 .564 . 55 
SLANT TECHNIQUE CONTRIBUTIONS FOR 20° SLOPE 
50 60 70  80 90 100 1 1 0 . 1,20. -1-30 ' . 140 150 
47.0 5 6.4 65.9 95. 0 84. 5 94. 0 103. 5  1 1 3. 0  122.0 1 32.0 141. 0 
.0700 . 0550. . 0420 . 0380 • 02 60 . 0210  . 01 80 . 01 30 . 01 1 0  . 0082 . 0068 
. 01 80 .01 60 . 01 30 . 01 10  . oo_9p . : • .0_0_7 .8 . : • P063  . • o_os_3, : :. 00.4.2 . • 0_0_3 1  . . : :. 0029 
\ 
-....J 
w 
TABLE XIII . 
SOLID ANGLE COMPUTATIONS FOR 
SLANT TECHNIQUE FOR 30° SLOPE 
W '  u w L z e n · W  
N 40 . 0  1 00 . 0  33 . 40 . 40 . 668 . 29 
N '  1 90 . 0  1 1 5 . 4 33 . 40 . 8 6 . 5 7 6  . 45 
TABLE XIV . 
SLANT TECHNIQUE COMPUTATIONS FOR 30° SLOPE 
Xo 0 2 5  50 60 70 80 90 100 1 1 0  
X0 ( S lope ) 0 2 1 . 8 43 . 3  51 . 9 - 60 . 6 69 . � -. 7 7  .9 8 6.6  9 5 . 3  
co (N) 
I . 1 100 .0830 . 0590 . 0500 . 0420 . 0340 . 02 80 . 0240 . 0180  
Co ·(N) 0600 .0500 . 0350 .0330 . 02 80 . 0230 . 01 90  . 0180  . 0140 
1 -2 0  130 140 
1 04 . 0  1 1 2 . 0  1 2 1 . 0 
. 01 60 . 0130 . 0100  
. 01 20  . 009 5 .00 7 5  
) 
I 
1 50 
130.0 
. 0080 
. 0062  
" 
.p.. 
TABLE XVI. 
X 0 0 25 
X0 (Slope ) 0 19 . 1  
Co (N) 
' . 0830 . 07 2 0  
Co (N) . 0690 . 0580 
TABLE XV. 
SOLID ANGLE COMPUTATIONS FOR SLANT 
TECHNIQUE FOR 40° SLOPE 
tJ ' u w L z e n w 
N 61 . 6 100 . 0  38 . 60 . 62 . 7 72 . 33 
N ' 69 . 0  100 . 0  38 . 60 . 69 . 7 7 2  . 38 
SLANT TECHNIQUE COMPUTATIONS FOR 40° SLOPE 
50 60 70 80 90  100 1 1 0  
38. 3  46 . 0  53 . 7  61 . J  69 . 0  7 6 . 6  84 . 3  
. 0550 . 0490 . 0440 . 0370  . 0320 . 0270  . 02 20  
. 0480 . 0430 . 0380 . 0320 . 0280 . 0240 . 01 90 
120 1 30 
9 1 . 8  9 9. 5  
. 01 80 . 01 60 
. 01 70 . 0140 
_ 140 
1 09 . 0  
. 01 30 
. 01 1 0  
1 50 
1 1 5 . 0  
. 01 1 0  
. 0096 
-...J 
V, 
TABLE XVII . 
BARRIER REDUCTION AND SCATTER FRACTION FACTORS USED FOR 1 0° SLOPE 
Xo 0 25  50 60 70  80  90  100 1 10 1 20  1 30 140 1 50 
Xe 0 141 . 0 284 . 0  340 . 0  396 . 0  453 . 0  510 . 0  567 . 0  623 . 0  679 . 0  7 35 . 0  78 3 . 0  848 . 0  
B ( 1 ) s 1 . 000 . 0200 
B ( 1 ) e 1 . 000 . 0490 
SW . 00 . 82 . 88 . 89 . 89 . 89 . 89 . 89 . 89 . 89 . 89 . 89 . 89 
-
(1 ) , The Office of  Civ il Defense graphs cannot be read above 50 psf  so  (Be -Bs ) was used  a s  zero . 
TABLE XVII I . 
BARRIER REDUCTION AND SCATTER FRACTI.DN FACTORS USED FOR 20° SLO.PE . 
. XO 0 25  50 60 70 80 90 100 1 1 0  1 2 0  1 30 140 1 50 
Xe 0 69 . 0  1 38 . 0 1 65 . 0  1 9 3 . 0  2 2 1 . 0  248 . 0  2 74 . 0  308 . 0  2 2 9 . 0  356 . 0  384 . 0  406 . 0  
Bs (
l ) 1 . 000 . 0830 . 01 60 . 0090 . 0044 . 0040 
B (1 ) e 1 . 000 . 1 900 . 0410 . 01 30 . 0072  . 0040 
. Sw . 00 . 69 . 82 . 83 . 85 · . 86 . 87 . 88 . 89 . 89 . 89 . 89 . 89 
( 1 ) The Offic e of Civil  Defense graphs cannot · be read above 80  p s f  s o  (Be -Bs ) was us ed  a s  zero . 
TABLE XIX . 
BARRIER REDUCTION AND SCATTER _F�CTION FACTORS USED FOR 30° SLOPE 
Xo 0 25  50 60 70 80 90 1 00 1 10 1 2 0  1 30 140 1 50 
Xe 0 43 . 4  86.5 104.0 1 2 1.0
. 1 39 . 0  1 5 6 . 0  1 7 3 . 0  1 90 . 0 208 . 0  2 2 5 . 0  · 243 . 0  2 60 . 0  
B ( 1 ) s 1.000 . 1900 .0740 .0460 .0250 . 0200 . 0102 . 0080 
B ( 1 ) e 1.000 .3500 .1 300 . 0830 .0590 . 0420 .02 10 .0190 
Sw .00 . 5 7 .73  . 7 7  :so .82 .83 . 84 . 85 .86  .86 . "8 7  · ,  . 88 
( 1 ) The Office of  C ivil  Defens e graphs c annot be read above 1 10 p s f  so  ( Be -Bs ) , wa s used a s  zero • 
.. 
TABLE XX . 
BARRIER REDUCTION AND _SCi\T.TER_ FRA�_T:I�N. ;FACTORS. U_S_ED: FO,R 40_
0
: S_LO;P:E: : .- :· · . . : ' , ;  : · ; : , , 
Xo 0 2 5  5 0  60 70 80 90 100 1 10 1 20 1 30 140 1 50 
Xe () 29.8 59.6  7 1 . 5  8 3.4 95 . 4  . .. 107 . 0  1 1 9  . o  1 31 . 0  143.0 1 55 . 0  1 6 7 . 0  1 79 . 0  
Bs 1.000 .4800 . 0870 . 0630 . 0510 . 03 70 .0280  . 02 20  . 01 60 . 01 20 . 0096  . 0074  . 0054 
Be 1.000 .6200 . 2800 . 1800 .1400 .1 100 .0820 . 0 620 . 0480 . 03 60 .0280 . 0220  . 0 1 70 
s .00 .46 . 65 . 69 . 73 . 75  . 78  . 7 9 . 8 1 . 82 . 83 . 84 .84 w 
TABLE XXI . 
Xo 0 
RF (Fla t )  .3600 
RF (Top )  . 2 000 
RF (Peak) . 2 200 
C0 (S tep}  .2480 
RF (Step)  . 2 670 
RF (Mutual ) 
Shielding ) · 2 670  
RF (Slant ) . 13 7 6  
TABLE XKII . 
Xo 0 
RF (Fla t )  . 3 600 
RF (Top )  . 1 L�oo 
RF (Peak) .1 720  
C0 (S tep )  . 2 033 
RF (Step)  . 2 853 
RF (Mu tua l 
Shielding ) · 2853 
RF (Sl ant ) . 1470 
REDUCTION FACTORS FOR 10° SLOPES FOR VARIOUS ROOF MASS THICKNE SSES 
2 5  50 60 70  80  90  100 110 1 2 0  130 140 1 50  
. 1600 . 07 60 · . 0560 . 0420 . 0330 . 02 50 . 0200 . 0150 . 01 30 . 0094 . 00 7 3  . 0056 
. 1400 . 0720  . 0530 . 0400 . 0320 . 0240 . 0190 . 01 50 . 01 30 . 0092 . 0072  . 0055 
. 1467 . 0724 . 0532 . 0402 . 0322 . 0242 . 01 9 2  . 01 52 . 0132 . 0094 . 0074 . 0057  
. 1390 . 0597  . 0500 . 0338 . 0308 . 02 3 9  . 018 7 . 0148 . 0122 . 0086 . 0063  . 0055 
. 1448 . 0 600 . 0503 . 0340 . 0310 . 0241 . 0189 . 0150  . 0124  . 0088 . 00 65 . 0057  
. 1433 . 0599  . 0502 . 0340 . 0310 . 0241 . 0189 . 01 50 . 0124  . 0088 . 0065  . 005 7 
. 1120 . 0 632 . 0580 . 0462 . 03 62 . 02 9 6  . 02 34 . 0174 . 01 50 . 0130 . 0092  . 0072  
REDUCTION FACTORS FOR 20° SLOPES FOR VARIOUS ROOF MASS THICKNESSES � ! ' '.. • . • • .• • •  I • • ' ' 
2 5  50 60 70  80 90  100 110 120 1 30 140 150 
. 1600 . 07 60 . 0560 . 0420 . 0330 . 02 50 . 0200 . 01 50  . 0130 . 0094 . 00 7 3  . 0056  
. 1000 . 0 630 . 0480 . 0380 . 02 90  . 02 30 . 0180 . 0140 . 01 10 . 0088 . 0069  . 0052 
. 1 3l� 3 . 07 1 5  . 0509 . 0396  . 0299  . 02 36 · '• . 0185  . 0143 . 0113 . 0091  . 00 7 2  . 0054 
. 1155 . 0635 . 03 72 . 02 74 . 0244 . 0173 . 0118 . 0114 . 0106 . 00 7 3  . 0056  . 0046 
. 1454 . 0710  . 039 7 . 0289  . 02 5 3  . 0179 . 012 3 . 01 1 7  . 0109  . 00 7 6  . 0059 . 0049 
. 1 356  . 0688 . 0385 . 0283  . 02 50 . 01 78 . 01 2 1  . 01 1 7  . 0109 . 00 7 6  . 0059  . 0049 
. 12 50 . 082 6 . 0666  . 05 1 6  . 0460 . 0310 . 02 70 . 02 12 . 01 70 . 0142 . 0106  . 0090  
TABLE XXIII . 
REDUCTION FACTORS FOR 30° SLOPES FOR VARIOUS ROOF MASS THICKNESSES 
Xo 0 25  50  60 70 80 90 1 00 1 1 0  1 2 0  1 30 140 
RF (Fl a t )  .3600 .1 600 .07 60 .0560 .0420 . 0 330 .0250 . 02 00 . 0150  . 0130 .0094 . 00 7 3  
RF (Top )  .1000 .0780 . 0510  .0410 .0330 .02 60 . 02 10 . 01 70 .01 30 .0100 . 0080 . 0063  
RF (Peak) .1 380 .1267  . 08 19  . 0570  . 047 7 .0367  . 02 7 9  . 02 1 9  • 01 6L� . 01 2 5  .009 7 . 0079  
C0 (S tep )  .1 785 . 08 70 . 0520 .0390 .02 90 . 02 3 7  . 02 1 2  . 01 32 . 01 31 . 01 1 1  .007 0  . 0058 
RF ( S t ep )  . 2080 . l l!-05 .0 7 60 . 0556  . 0415  . 0319  . 02 7 3  . 01 7 3  . 01 63 . 01 32 . 0081 .0068 
RF (Mutual  
Shielding ) .Z030 . 1 2l�4 . 0 694 .0580 .- 0379  .0299  . 02 5 6  . 01 63 .01 53  � 012 7 . 0079  . 0064 
RF (S l ant )  .1472 . 1 152  .0806 .0720  .0606 .0494 . 0404 . 03 64 . 02 7 6  . 0240 . 0194  . 01 52 
TABLE XXIV . 
REDUCTION FACTORS FOR 40° SLOPES FOR VARIOUS ROOF. MASS, THICKNESSES· , : : : : :  . 
. Xo 0 25  
RF (Fla t )  .3600 .1 600 
RF (Top )  � 0680 · � 0510 
RF (Peak) .1090 
C0 ( S tep )  .1 110  
RF (S tep)  . 1420 
RF (Mutual 
1420 Shield ing ) . 
RF (S lant ) .1164 
. 1 667  
.0826  
. 1 555 
.1239 
.0996  
50 60 70 
.02 60 . 0560 . . 0420 
. 0380 . 0 310 .0250 
. 1 080 . 07 7 6  .0630 
. 041 6 .0333  .0284 
.0852 . 0643 . 05 1 9  
.07 74 . 05 64 . 0469 
.0796  .0704 .0684 
80 90 100 1 1 0  120  1 30 140 
. 0 330 . 0250 . 0200 . 01 50 .01 3 6  . 0094 . 00 7 3  
. 020,Q .01 70 .01 30 .0100 . 0082 .0066  .0053  
. 0504 . 0405 . 0309 . 0243 . 01 9 1  .01 52  . 01 2 1  
. 0240 . 01 68 .012 1  . 0092 .0084 .0062 . 0054 
. 0429  .0314 .02 32 . 0180  .01 56  .01 14 . 009 6 
.0392 .0285  .0209 .01 62 . 01 37 . 0103  . 0081 
. 0536  . 0460 . 0398 . 0322 .02 7 6  . 02 30 . 01 84 
1 50 
. 00 5 6  
.0050 
. 0064 
. 0045 
. 0053  
. 0049 
.0124 
' . . . .  
1 50 
. 0056  
. 0043 
. 009 6 
. 0042 
. 00 74 
. 0068 
.0158 
TABLE XXV . 
REDUCTION FACTORS NORMALIZED ROOF AT PLATE HEIGHT FOR 10° SLOPE 
XO 0 2 5  50 60 70  80 90 100 i l O  120 130 140 150 
RF (Top ) . 55 6  . 87 6  . 940 . 946 . 9 52 . 970 . 960  . 950  1 . 000 1 . 000 . 97 9  . 987 . 983  
RF (Peak) . 610  . . 9 19  . 9 53  . 9 50 . 959  . 97 6  . 9 68 . 9 60 1 . 012 1 . 016 1 . 060 . 1 . 013 1 . 019 
C0 (S te p ) . 689 . 87 3  . 78 3  . 89 3  . 803  I 9 3.4 . 9 5 6  . 9 35  . 987 " . 9 39 . 9 1 5  . 8 6 3  . 98 3  
RF (Step) . 743 . 903 . 7 90 . 898  . 809 . 9 39 . 9 65 . 945 1- . 000 . 8 64 . 9 3 6  . 890  1 . 019 
RF (Mutua l 
. 743 . 897 . 789  . 898  · . 809 . 9 39 . 9 65 . 945 1 . 000 . 8 64 . 9 3 6  , . 890  1 . 019 Shiel ding) 
RF (S l ant ) . 390 . 7 02 1 . 014 1 . 0 36 1 . 120  1 . 094 1 . 186  1 . 168 . 1 . 166 1 . 1 5 6  1 . 386  1 . 274 . . 1 . 2 90 
'TABLE XXVI I 
REDUCTION . FACTORS NORMALI.ZED ROOF AT PLATE HEIGHT FOR 20° SLO-PE· · ' · · · ' · · · · · ' 
Xo 0 2 5  50 60 70  80  90  100 l l O  120 130 14-0 1 5 0  --
RF (Top ) . 389 . 625  . 829  . 858  . 904 . 87 9  . 920  . 89 9  . 9 34 . 845 . 9 37 . 945 . 92 9  
RF (Peak) . 478 . 841 • 9L,.2 . 9 10 . 943  . 907  . 944 . 92 6  . 9 54 . 87 0  . 9 68 . 98 6  . 9 65  
Co (S tep ) . 5 58 . 72 5 . 8 35 . 664 . 652 . 740 . 692 . 590  . 7 60 . 814 . 7 77 . 7 67 . 822 
RF{S tep ) . 7 9 3  . 9 10 . 9 3�- . 709 . 689 . 7 68 . 7 18 . 615 . 780 . 8 38 . 809  . 809 . 87 6  
. RF (Mu tual 
. 7 9 3  • 8L�8 . 905 . 688 . 674 . 7 59 . 712 . 605 . 780 . 838 . 809  . 809 . 87 6  Shielding ) 
RF (Slant ) . 410 • 78L� 1 . 088 1 . 192 1 . 2 30 1 . 400 1 . 240 1 . 350 1 . 400 1 . 300 1 . 520  1 . 440 1 .  610  
TABLE XXVII . 
REDUCTION FACTORS NORMALIZED ROOF AT PLATE HEIGHT FOR 30° SLOPE 
Xo 0 2 5  50 60 70  80  90  1 00 i l O  1 2 0  1 30 140 1 5 0  
RF (Top )  . 2 78  . 487 . 6 7 2  . 7 33 . 785  . 7 87  . 841  . 849 . 8 67 . 7 69 . 852 . 86 3  . 89 3  
RF (Peak) . 384 . 7 1 9  1 . 075  1 . 020  1 . 1 32 1 . 1 52  l . l l S  1 . 095  1 . 080 . 9 6 3  1 . 032  1 . 081 1 . 142 
C0 ( S tep )  . 49 6  . 543 . 684 . 69 6 . 690  . 7 1 8  . 849 . 6 60 . 8 74 . 854 . 745 . 7 94 . 804 
RF (Step )  . 5 78  . 87 8  1 . 000 . 994 . 988  . 9 66 1 . 092 . 894 1 . 082 1 . 01 5  . 86 3  . 9 32 . 945 
RF (Mutual 
. 5 78  . 7 7 8  . 9 14 . 89 3  , ·902 . 906 1 . 024 . 814 1 . 02 1  . 9 7 6  . 841  . 8 7 6  . 87 5  Sh ielding) 
RF (Slant)  . 408 . 7 20  1 . 060 1 . 2 84 1 . 440 1 . 484 1 .  628 1 . 820  1 . 846  1 .  8 60 ?- . 060  2 . 080 2 . 180  
·TABLE XXVIII . 
REDUCTION FACTORS NORMALIZED ROOF AT PLATE HEIGHT FOR 40° SLOPE 
Xo 0 2 5  so 60  70  80 90 100 l l O  1 20  1 30 140 150  -
RF (Top )  . 1 89 . . 3 1 9  . 501 . 553  . 594 . 607 . 680 . 650 . 668 . 6 30 . 703  . 7 2 7  . 7 68  
. '• 
RF (Peak)  . 303  1 . 040 1 .  l�20 1 . 382 1 . 500 1 . 5 30 1 . 628  1 . 545 1 . 62 0  1 . 462  1 . 62 0  1 . 6 60 1 .  7 1 5  
C0 (Step ) . 308 . 5 1 6  . 5l�8 . 595  . 6 7 �  . 7 2 8  . 6 72  . 605 . 61 3 . 64 6  . 660 . 740 . 7 50· 
RF (Step)  . 394 . 9 7 3  . 9 80 1 . 148 · 1 .  2 35 1 . 302 1 . 2 5 6  1 . 1 60 1 . 2 00 1 . 2 00 1 . 21 3  1 .  31 5 1 . 32 2  
RF (Mutua l 
Sh ie lding ) . 394 . 7 7 5  1 . 020  1 . 005 1 .  l l ?  1 . 190  1 . 140 1 . 045 1 . 080  1 . 052 1 . 095  1 . 110 1 . 21 5  
RF (Slant ) . 332 . 622 1 .  01 8 i . 2 5 6  1 . 492  1 .  620 1 . 83 6  1 . 988 2 . 040 2 . 1 2 0  2 . 440 2 . 52 0  2 . 82 0  
82 
APPENDIX III . Sample Calcul ations . 
A fallout shelter analyst wants to compare the different 
technique s of analyzing a 20 degree sloping roof. The roof mas s  
thicknes s is 100 pounds per square foot of horizontal area . The 
dimensions are s hown in Figure 1.  
I E 
/CJO '  � l 
Figure 1 .  Dimensions of Building 
The eccentricity and normality must be found. 
e = n w 2 L 100 = 1 . 00 100 2 (10) 100 . 200 8 3  
Using "e" and "n" the solid angle fraction can be found from 
Figure 7, Appendix I: 
W =  . s 3 
84 
Using 100 pounds per square foot of horizontal area and W= . 83, 
C0 (Flat) can be found: 
. 0200 
To convert -from this method to another method , a normalized 
· reduction factor may be obtained from the respective graphs in Appendix 
I, using 20 degrees and 100 pounds per square foot of horizontal roof 
area. This factor is then multiplied by C
0
(Flat) to obtain the roof 
contribution for the respective method . 
From Figure 1 :  
From Figure 2 :  
From Figure 3: 
RF (Top) . 95 (. 0200) 
= . 0190 
RF (Peak) = . 97 (. 0200) 
= . 01 94 
. 6 6  (. 0200) 
. 0132 
From F igure 4 :  
From Figure 5 :  
RF (Step) = . 80 (. 0200) 
= . 0160 
RF (Mutual Shielding) . 78 (. 0200) 
= . 0156 
From Figure - 6: 
RF (Slant) 1. 35 (. 0200) 
= . 0170 
· 8 5  
